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John Cowan sprang from a long line of Glasgow 
doctors many of whom had held posts in the Univer- 
sity. His father, J. B. Cowan, had been Regius 
Professor of Materia Medica, and his grandfather, 
Robert Cowan, had been Professor of Medical 
Jurisprudence, and both had been Physicians to the 
Glasgow Royal Infirmary. 

Born in 1870 he was educated at Fettes, King’s 
College (Cambridge), and Glasgow University. He 
qualified at Cambridge in 1895 and held resident 


appointments in the Western Infirmary, the 
Children’s Hospital, and the Glasgow Fever 
Hospital. 


In 1900 he served in the South African War as 
physician to the Scottish National Red Cross 
Hospital. On his return to Glasgow he joined the 
junior clinical staff of the Western Infirmary and 
was assistant to Professor Samson Gemmell. At 
the same time he worked with Robert Muir in the 
pathological department and published papers in 
the Journal of Pathology on fibrosis of the heart. 

In 1906 he was appointed Physician to the Royal 
Infirmary and finding much to be done to raise the 
standard of work in that hospital he spent most of 
his day in the wards. All through his term of 
office as physician, Cowan attended almost daily 
at 9 a.m. and spent most of the morning in the wards. 
He was a slow worker, but every case was in- 
vestigated with meticulous care and he exacted the 
same care and industry from his house physicians 
and assistants. 

Stimulated by the work of Wenckebach and 
Mackenzie, and with the pathological knowledge 
culled from Robert Muir, Cowan acquired one of 
the first polygraphs, and from 1909 onwards he 
published papers on the arrhythmias in the Quarterly 
Journal of Medicine and Heart. 

Then came the 1914-18 War, and Cowan served 
in the Egyptian Expeditionary Force as consulting 
physician (1916-19). 

After the war Cowan returned to his work in the 
Royal Infirmary and to consulting practice in the 
West of Scotland. At this time the Ministry of 
Pensions appointed consultants in cardiovascular 
diseases in various regions in the British Isles, and 
Cowan was appointed to the West of Scotland. 
These consultants held conferences twice a year in 
London, and these gatherings of men interested in 
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the same cardiovascular problems were the fore- 
runners of the Cardiac Club. 

In the first volume of the British Heart Journal 
Cowan has given an account of the birth of the 
Cardiac Club, and he was the first secretary (1922-5) 
and was chiefly instrumental in formulating our 
simple rules and regulations. Up to the last war 
he was most regular in attendance and “* just before 
his death he had received the current list of members 
and perused it thoroughly ’’ (Miss Cowan). Though 
chiefly interested in cardiovascular disease a full 
list of his publications would show the variety 
of his clinical interests. His Diseases of the Heart 
was a notable contribution based on personal 
experience, and was expanded in later editions when 
he had the collaboration of his friend, Willie 
Ritchie. 

He gave the George Gibson Lecture at the R.C.P., 
Edinburgh, in 1926, and the St. Cyres Lecture at the 
National Hospital for Diseases of the Heart in 
1930. 

He was Physician in Scotland to King George V, 
King Edward VIII, and King George VI (1925-40). 
In 1923 he was appointed Gentleman, the King’s 
Body Guard for Scotland, and this select and 
honourable post pleased him immensely. 

At the beginning of the last war he began to do 
less work, and eventually retired to Kilmalcolm, 
Renfrewshire, where he died on August 15, 1947, 
aged 77 years. His latter years had been much 
saddened by the sudden death of his wife and the 
tragic deaths of his two sons. His only daughter 
had always been a great friend and was a constant 
solace to him in his declining years. 

His two friends, Geoffrey B. Fleming and 
Archibald Harrington have sent us sympathetic and 
appreciative impressions of Cowan and his work in 
Glasgow. 

Fleming says: ‘‘ Cowan soon became recog- 
nized as one of the leading ‘ heart men ’ in Glasgow. 
I think he was the first to install an electrocardio- 
graph in his house. Although he made full use of 
this instrumental method he always insisted that 
they could not replace clinical examination. No 
one was more thorough in his examination of his 
patients and his case records show the extraordinary 
conscientiousness of his work. Every case in his 
wards, whether of particular interest to him or not, 
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had to be most carefully examined and recorded. 
He was the most conscientious man I have ever 
known. 

** As a teacher I think he was at his best with a 
small number of students at the bedside. His 
systematic lectures owing to his rather peculiar 
mannerisms, would have been difficult to follow 
had it not been for his admirable printed notes. 

** As a man he was extremely reserved and on 
this account it was only those who knew him well 
who appreciated his true worth. His loyalty to 
his friends was sometimes quixotic. He never spoke 
hardly of those he disliked; I think he disregarded 
or avoided them. He had many interests outside 
medicine—a keen and expert angler and an ardent 
philatelist. He was very interested in modern 
history. At the time of his death he had just 
completed a monograph on the Glasgow School 
of Medicine, largely based on the records he had of 
his medical ancestors. I think he undertook this 
work in order to keep his mind active after his 
retirement from practice. He could never be idle.” 

Harrington says: ** When he came to the Royal, 
much required to be done, and he did it in the face 
of a good deal of opposition. He spent most of 
the day in the wards, exhausting most of his staff! 
He got things done in the end, as he always did, 
and put the wards on sound and modern lines. 

“*In his earlier days he was not a very popular 
teacher. His delivery was difficult to follow at 
times, but he gradually overcame this, and by the 
better type of student was soon recognized as an 
excellent teacher. In his latter years he spoke well, 
and always concisely. 

“*T have always greatly regretted that he did not 
get a University Chair. He would have devoted 
himself to it, and been of immense value to the 
School. 

“Cowan was a slow worker, and spent a very 
long time in meticulous examination of his cases. 
His industry was tireless. He showed remarkable 
honesty in all his work and his criticism of it. He 
welcomed the opinion of his juniors even when it 
directly countered his own, and was always prepared 
to discuss the differences. It was our custom to 
write such opinions in the case sheets and initial 
them. 
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**In addition to his sterling honesty and loyalty, 
he was absolutely devoid of professional jealousy 
and would do anything to help on his juniors. 
Nearly all his later publications were ‘ joint’ ones, 
to give the associated junior or juniors a chance. 

**T shall never forget the times we had with tlic 
polygraph. In addition to Mackenzie’s instrument, 
he and I devised a large three-lever one which was 
built by Kelvin and White, and ran on smoked 
papers. I do not think any of us enjoyed it but 
Cowan himself, but we did lots of work. In the 
wards were also investigated: (1) insulin, (2) serum 
treatment and pneumonia, (3) liver extract. Cowan 
loved charts and never wearied of them. 

** He was Principal Medical Officer to the Scottish 
Amicable Life Assurance Society, and did most 
excellent work there. This work interested him 
greatly. 

“* He was’ only mildly interested in sport—fished 
and shot, and in his earlier days, played a little 
cricket and golf. He was also interested in 
philately. He was always very keen that we should 
all have hobbies. Ju fact he was always ready to 
advise you in any difficulty of life.” 

Dr. J. L. Cochrane, an H.P. of Cowan’s of forty 
years ago, testifies to the zeal that his Chief inspired 
in his assistants and the loyalty and affection with 
which they served him. ‘‘ When you served him 
he served you. He discussed your future and told 
you that although he would not give you a roving 
testimonial he would always write what he thought 
of you for any appointment you applied for. A 
grand Chief!” 

The original Cardiac Club owed much to Cowan's 
enthusiasm. As a physician he was already ripe in 
wisdom and experience, and had the youthful 
enthusiasm to practise and master the newer methods 
of cardiovascular investigation. 

In spite of his natural reserve and a certain shyness 
Cowan became a trusted friend of all of us. Any- 
thing like push or self-advertisement was abhorrent 
to him and his only ambition was to search out and 
teach the truth. 

The Cardiac Club were lucky to have him at its 
inception and the British Cardiac Society benefited 
by his wise and steady counsel. 

W. E. Hume. 





Te 
(1900 
Un 
Clin. 
al 
(1902 
h 

in 
WI 
disea: 
hi 

h 

On 
med, 
(wi 
(1909 
(wi 
pulse 
2, 14¢ 
(wi 
partic 
(wi 
Ibid. | 
(wi 
block 
(1912 





ith 
im 
id 


ng 








JOHN COWAN 





SOME CARDIOLOGICAL CONTRIBUTIONS TO MEDICAL JOURNALS 
BY 
JOHN COWAN 


On the presystolic murmur. Glas. med. J. (1898), 11, 


166. 

\ case of acute endocarditis. Trans. Path. Clin. Soc. 
(1899), 7, 237. 

.otes on empyemata in childhood. Glas. Hosp. Rep. 
(1900), 314. 


On obstruction of the coronary arteries. Trans. Path. 
Clin. Soc. (1902), 9, 49. 


Fatty degeneration of the myocardium. J. Path. 


he heart in acute disease. Ibid. (1903), 9, 87. 
he fibroses of the heart. Jbid. (1903), 9, 209. 

with A. R. Ferguson): Five cases of congenital heart 
disease. Lancet (1903), 2, 952. 

fhe cardiac muscle. Edinb. med. J. (1904), 127. 

he influence of the acute infections upon the arteries. 
Glas. med. J. (1906), 66, 88. 

On anemia with enlargement of the spleen. 
med. (1907), 1, 11. 

(with L. Storey): the bruit de Roger. 
(1909), 72, 425. 

(with D. Macdonald and R. J. Binning): The venous 
pulse in paroxysmal tachycardia. Quart. J. med. (1909), 
2, 146. 

(with J. Macleod and A. R. Paterson): A case of 
partial heart block. Jbid. (1910), 3, 115. 

(with W. T. Ritchie): Coupled rhythms of the heart. 
Ibid. (1910), 4, 55. 

(with G. B. Fleming and A. M. Kennedy): Heart 
block and nodal rhythm in the acute infections. Lancet 
(1912), 1, 277. 


(1902), 8, 177. 


Quart. J. 
Glas. med. J. 


(with G. B. Fleming): The association between mitral 
stenosis and renal fibrosis. Quart. J. med. (1912), 5, 
309. 

Diseases of the heart. Ist ed. Arnold, London. 
American ed. Lea and Febiger, Philadelphia and New 
York. 

Auricular flutter. Glas. med. J. (1914), 1, 128. 

(with D. Macdonald): Chronic valvular disease of the 
heart. Jbid. (1914), 1, 12. 

(with A. W. Harrington): A case of patent ductus 
arteriosus. Jbid. (1914), 1, 101. 

(with W. T. Ritchie): The duration of ventricular 
systole. Lancet (1920), 2, 743. 

(with J. K. Rennie): Syphilis of the heart. 
J. (1921), 2, 184. 

(with J. C. Bramwell): The clinical aspect of bundle 
branch block. Quart. J. med. (1925), 19, 95. 

The causes of auricular fibrillation. Jbid. (1929), 22, 
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(with J. S. Faulds): Syphilis of the heart and aorta. 
Brit. med. J. (1929), 2, 285. 


St. Cyres lectures. The fibroses of the heart. Lancet 
(1930), 2, 1. 

Some observations on angina pectoris. Brit. med. J. 
(1931), 1, 879. 

(with W. T. Ritchie): Diseases of the heart. 3rd ed. 
London (1935). 

The prognosis after infarct of the heart. Lancet 


(1936), 1, 356. 
Some disturbances of the rhythm of the heart. Brit. 
Heart J. (1939), 1, 3. 
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The relatively infrequent occurrence of angina of 
effort in women has been noted since Heberden 
(1772) first gave an account of this disorder. Heber- 
den observed in a lecture before the Royal College 
of Physicians of London, that he had seen the 
disease in 20 men and only 1 woman, and in a later 
publication (1786) wrote: “‘I have seen nearly a 
hundred people with the disorder out of which 
number there have been 3 women.” Mackenzie 
(1923) reported 40 women with angina of effort in a 
series of 280 cases, which gives a sex incidence of 
7 to 1in favour of men. In more recent years, most 
investigators have found a sex incidence of 3-4 
males to 1 female (White and Bland, 1931; White 
and Sharber, 1935; Levy and Boas, 1936; Bedford, 
1936; Riseman and Brown, 1937; Gallavardin, 
1938; and White, 1944) although Bourne and Scott 
(1938) found a predominance in males of 7 to 1 
in 112 cases. 

In this paper, a series of 87 cases of angina of 
effort occurring in women will be analysed in an 
attempt to discover what etiological factors are 
responsible for such a striking sex predominance. 
The diagnosis of angina of effort, particularly in 
women, is fraught with many pitfalls; and to avoid 
these it was decided that only those who complained 
of substernal pain of constricting quality, with a 
quantitative relation to exercise and relieved by 
rest or nitroglycerin, would be included. 


TABLE I 
AGE DISTRIBUTION 
Age No. of cases 
20-30 si oy <3 2 
30-40 ak 6a ne 1 
40-50 a Pe ~~ a 
50-60 ee x cs ae 
60-70 r = eit, Se 
70-80 ad bos ae» 


Although three quarters of all cases of angina of 
effort occur over the age of 50 (White, 1944), there 
is a considerable incidence in men under this age. 





Only 3 cases occurred under 40 in women in this 
series; 2 had severe anemia and the third had 
aortic regurgitation. Glendy, Levine, and White 
(1937) in a 100 cases of coronary disease in young 
people found only 4 women under 40 and 3 of these 
had severe hypertension. White and Mudd (1927) 
reported 8 patients with angina under 30; all had 
aortic incompetence. The age incidence in this 
series corresponds closely with that given by other 
observers; Eppinger and Levine (1934) in 141 cases 
found the usual range of the age at onset to be 
36-71 years. 

The rather high incidence (14 per cent) in patients 
over 70 years is unusual. Foti (1937) in 20 cases 
over 70 found no women and Lian (1932) found only 
17 occurring between the ages of 70-75 years in 
638 cases of angina. 


THE EFFECT OF PREGNANCY AND THE MENOPAUSE 

The effect of pregnancy on the incidence of angina 
was investigated and the results were as follows: 

No child, 12 cases; one child, 16 cases; two 
children, 22 cases; three children, 14 cases; four 
children, 9 cases; five children, 4 cases; six children, 
6 cases; seven children, 4 cases. 

The inference to be drawn from the above data is 
that no close association between parity and the 
incidence of angina can be shown. Moreover if 
pregnancy were of etiological importance in the 
production of coronary atheroma, then it might be 
expected that deaths due to the consequence of this 
condition would occur with appreciable frequency 
in multigravida. Sheehan and Sutherland (1940), 
in an analysis of 813 autopsy records of patients who 
died during pregnancy, failed to find atheromatous 
changes in the hearts of any of these. 

Menopause. The first symptoms of angina of 
effort in 5 of these patients occurred at the time of 
the menopause ; all had systolic blood pressures 
over 200 mm. Most patients (76 per cent) experi- 
enced their first symptoms many years after the 
menopause. 
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HYPERTENSION 


The incidence of hypertension, which for the 
purpose of this paper was assumed to be present if 
the systolic pressure was above 150 or the diastolic 
above 90 is shown in table II; an incidence of 84 
per cent was found. The blood-pressure readings 
recorded here are an average of several readings for 
each patient. 
‘ TABLE II 
PATIENTS WITH HIGH BLOOD PRESSURE 











150-160 4 

160-170 6 100-110 26 
170-180 4 110-120 18 
180-190 12 120-130 8 
190-200 7 130-140 2 
200-210 12 140-150 | a 
210-220 10 150-160 | 4 





Davis and Klainer (1940) in 61 cases of angina of 
effort found that 90 per cent of the women had 
hypertension compared with 60 per cent of the men. 
The incidence of hypertension in reported cases of 
angina of effort varies (Riseman and Brown, 1937, 
50 per cent; White and Bland 1931, 36 per cent; 
Kahn, 1926, 34 per cent). 

in women a higher incidence of hypertension is 
reported (Davis and Klainer, 1940, 90 per cent; 
Levy and Boas, 1936, 92 per cent; and Eppinger 
and Levine, 1934, 100 per cent). 

The frequent occurrence of hypertension in women 
suffering from angina of effort suggests a possible 
etiological relationship, especially since most 
investigators record a much lower incidence in men. 


CORONARY ARTERY DISEASE AND CORONARY 
INFARCTION 

There were 34 patients with a history of one or 
more attacks of coronary infarction and a less 
certain history was obtained in 14 others. A total 
of 57 patients showed cardiographic evidence, e.g. 
changes in the Q and T waves or in the S-T segment, 
Suggestive of coronary artery disease and in 6 of 
this group necropsy revealed severe coronary 
atheroma. The highest incidence of coronary 
disease occurred in the sixth and seventh decades in 
which 83 per cent of the patients gave, either a 
history of previous coronary infarction or showed 
Suggestive cardiographic changes. Willius and 
Smith (1932) reported moderately severe coronary 
atheroma in all cases in an autopsy study of 381 
patients over 70 years and this no doubt is the 
explanation of the high incidence of coronary 
disease in the sixth and seventh decades in this 


series, 
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The incidence of previous coronary infarction 
varies in reported cases of angina of effort (Bland 
and White, 1931, 26 per cent; Riseman and Brown, 
1937, 37 per cent; Bourne and Scott, 1938, 28 per 
cent; and Pazzanese and Montenegro, 1945, 72 
per cent). 

The incidence of evidence of coronary artery 
disease is high (65 per cent) in this series, but is 
lower than that reported by Harrison (1944) of 83 
per cent. 


OTHER DISEASES OR PATHOLOGICAL STATES 

Syphilis. One woman of 23 had angina of effort 
with syphilitic aortic incompetence. Jones and 
Bedford (1943) reported on 103 patients who had 
angina of effort of syphilitic etiology and stated 
that all their patients under 40 had aortic incom- 
petence. They gave the incidence of aortic incom- 
petence in angina as 5 per cent and this figure closely 
agrees with those given by Brooks (1927) and War- 
thin (1930). 

Mitral Stenosis. No case of mitral stenosis and 
angina was seen during the course of this investi- 
gation. Blackford (1940) reported 2 cases of mitral 
stenosis and angina of effort and found no coronary 
lesions port-mortem in either case. Levine and 
Kauvar (1942) found only 17 cases of mitral stenosis 
in 2832 cases of angina and coronary thrombosis; 
the average age of onset of anginal symptoms in 
these cases was 56 years. 

Myxedema. Two patients had myxcedema and 
angina of effort; both were over 50 and had hyper- 
tension. The cardiogram of one showed a left 
bundle branch block, and of the other a Wilson type 
of branch block. In both, the symptoms of angina 
were aggravated by thyroid therapy. 

Beaumont and Robertson (1939) suggested that 
two types of angina occurred in myxcedema; the 
first occurring during treatment with thyroid extract, 
whilst the second type occurred prior to treatment 
and improved following the administration of thyroid 
extract. Hertoghe (1914) suggested that angina 
occurring in myxcedema and improving with treat- 
ment might be due to involvement of cardiac nerve 
fibres by myxcedematous infiltration. Cases of this 
type have been reported by Peel (1943), Benestad 
(1937), Beach (1935), Ziskin (1930), and Sturgis 
(1926). 

The majority of reported cases of angina of effort 
occurring in association with myxcedema appear 
to be due to independent heart disease. Peel (1943) 
reported 12 cases of myxcedema and angina of 
effort; 10 had evidence of independent heart disease. 
Aggravation of anginal pain during thyroid therapy 
has been noted by d’Abrami er al. (1925), Sturgis 
and Whiting (1925), Means et a/. (1926), Fahr (1932), 
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Mussio-Fournier and Fisher (1940) and Mussio- 
Fournier (1942). 

There is no evidence to suggest that myxcedema is 
an important etiological factor in the majority of 
cases of angina. 

Hyperthyroidism. No instances of hyperthyroid- 
ism and angina were observed in this series and 
most observers are agreed that there is no direct 
causal relationship between the two conditions and 
that there is usually some underlying cause for the 
angina. Females usually predominate (Lev and 
Hamburger, 1928 and 1932; Haines and Kepler, 
1930). 

Diabetes. Four patients were suffering from 
diabetes mellitus; all were over 55 and had hyper- 
tension. In two it was known that diabetes had 
preceded the onset of angina of effort by at least 
5 years. Root and Graybiel (1931) noted that on 
the average diabetes preceded the angina by 9 years 
and that diabetic angina occurred most often in 
the seventh decade. They found only 210 cases of 
angina in 7000 diabetics. Nathanson (1932) who 
examined the coronary vessels of 100 diabetic 
patients post-mortem, found the greatest incidence of 
coronary atheroma occurred over 50, and Hepburn 
and Graham (1928) found cardiographic changes 
suggestive of coronary artery disease in 45 per cent 
of 123 diabetics. Of the four patients observed in 
the present series, two had a negative T I and one 
negative T waves in the standard leads and in lead 
IV F. 

It is clear that diabetes mellitus is not an important 
etiological factor in the majority of cases of angina 
occurring in women. 

Obesity. The state of nutrition was observed in 
all cases and patients were grouped as thin, normal, 
and fat. The results were as follows: thin, 27 cases, 
normal, 37 cases, and fat, 13 cases. 

Obesity would not appear to be a significant 
factor in the etiology, a finding that confirms those 
of Eppinger and Levine (1934). 

Anemia. Herrick and Nusim (1918), were the 
first observers to draw attention to the occurrence of 
angina of effort in severe anemia, but since this time 
frequent reports of its occurrence have appeared 
(Hunter, 1942; Stalker, 1937; Elliot, 1934; and 
Pickering and Wayne, 1943). 

Wilkinson (1933), found only 3 cases of angina in 
270 cases of anemia and Willius and Giffin (1927) 
found only 43 patients with anginal symptoms in 
1560 cases of pernicious anemia. A_ higher 
incidence has been reported by Coombs (1930); 
Pickering and Wayne (1943); and Hunter (1946); 

In the present series 6 patients had anemia and 
angina of effort. Two were under 40 and had 


normal blood pressure; their anginal symptoms 
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disappeared when their anemia had been cured. 
Three of the remaining patients had angina of 
effort after their blood had been restored to normal; 
the cardiogram of one showed a left bundle branch 
block and of the others inversion of T waves in 
leads I and IT: all 3 patients whose anginal symptoms 
persisted following cure of their anemia had hyper- 
tension. Lewis and Drury (1923) suggested that 
anginal pain accurring in anemia was due to 
anoxzmia, but it has been shown that there is a 
raised cardiac output in anemia and a raised venous 
pressure (Dautebrande, 1925; Stewart, Crane, and 
Deitrick, 1937; and Sharpey-Schafer, 1944) and this 
is the more probable explanation of the occurrence 
of anginal symptoms. 

Sometimes no coronary artery lesions have been 
demonstrated at necropsy in cases of anemia pre- 
senting anginal symptoms (Elliot, 1934) and in spite 
of this many observers doubt if anemia alone can 
cause cardiac pain. It is difficult to avoid the 
conclusion in the two cases occurring in women 
under 40, whose cardiac pain was abolished when 
their anzemias were cured, that their anginal symp- 
toms were solely due to anemia. There seems 
little doubt also that the 3 patients who retained 
symptoms’ of angina of effort even with normal 
blood pictures, had coronary artery disease. 

Tobacco and Alcohol. In this group of patients, 
smoking was an infrequent habit. Only 17 patients 
smoked regularly and a careful history in each case 
failed to reveal any relationship between tobacco 
smoking and the anginal attacks. White and 
Sharber (1934-5) in 750 patients found a higher 
percentage of sufferers amongst teetotallers than 
amongst those who were not. Pickering and 
Sanderson (1945) suggested that smoking precipi- 
tated an attack of angina only when an attack 
previously provoked by exertion had just subsided; 
and they concluded that tobacco did not cause 
constriction of the coronary vessels. Nevertheless 
it has been shown by Short and Johnson (1939) that 
tobacco induces arteriolar constriction and an 
elevated blood pressure. Bryant and Wood (1947) 
also demonstrated cardiographic changes of coro- 
nary ischemia that were induced by tobacco 
smoking. 

There is, however, no evidence to suggest in the 
present investigations that tobacco smoking is of 
etiological importance in the production of angina 
in women, whatever be its relation to the wider 
problem of this disease in males. 

Alcohol did not appear to be an important 
etiological factor in the present series of cases. 

Cholecystitis. The incidence of gall-bladder 
disease was very low. Two patients had gall 
stones; 3 gave a history suggestive of chronic 
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cholecystitis and in 2 of these a Graham’s chole- 
cystogram revealed non-functioning gall bladders. 
Bourne and Scott (1938) found 8 cases of chole- 
cystitis in 112 cases of angina; in only 3 cases, 
however, was the presence of gall-bladder disease 
proved beyond doubt. 


Occupation and Environment. These patients 
were studied during the past four years; 23 had 
undertaken factory work in addition to their house- 
hold duties during the war years, but 7 had carried 
out such duties for a short time only. All were 
hospital outpatients, but the incidence of angina 
amongst the large numbers of patients of this 
class seen during the period of those observations 
was very small, and it does not seem likely that there 
is any relationship between work in addition to 
household duties and the increased incidence of 
angina to-day, compared with fifty years ago. It 
has not been practicable to take into account en- 
vironmental influences in the earlier years of these 
patients’ lives and to compare them with those 
obtaining in a woman’s life of fifty years ago. 
Such a comparison might give a clue to the increased 
frequency with which angina is encountered in 
women nowadays. 


ANGINA IN WOMEN 


SUMMARY 


A series of 87 cases of angina of effort occurring 
in women has been analysed. The highest incidence 
of the disease was in the sixth and seventh decades 
and the occurrence of the disease below the age of 40 
was rare. A high incidence of hypertension (84 
per cent) was found and this observation is in accord 
with those of other observers. Hypertension would 
appear to be an important factor in the etiology 
of angina of effort in women; moreover the impor- 
tance of hypertension in the diagnosis of this con- 
dition in women should be stressed. The frequent 
occurrence of previous coronary infarction and of 
evidence of coronary artery disease suggest that 
coronary sclerosis is the most important factor in 
the xtiology of angina of effort in women. Other 
factors, e.g. myxedema, anemia, cholecystitis, 
pregnancy, tobacco, alcohol and occupation appear 
to be of minor importance only in the etiology. 


I should like to thank Dr. H. Wallace-Jones for his 
helpful criticism and advice and for permission to include 
in this series cases seen at the Heart Department of the 
Liverpool Royal Infirmary. I should like also to thank 
Dr. E. Noble Chamberlain for his valuable criticism and 
advice, and Dr. H. H. MacWilliam for permission to 
include cases seen at Walton Hospital, Liverpool. 
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Chest leads were first employed in myocardial 
infarction by Wood and Wolferth in 1932. Before 
that time their use was limited to the elucidation of 
the auricular arrhythmias. The original lead IV 
was an antero-posterior lead since it was hoped that 
this would register changes in a plane at right angles 
to the standard leads. In 1933 Wood and others 
found that the best results were obtained when the 
exploring electrode was placed either on or just 
internal to the apex, and they also used a lead in 
which the remote electrode was placed on the left 
Later this apical lead came to be known as 
lead IV F, or IV R when the right arm was used 
as the remote electrode. In 1934 Wilson and others, 
seeking to reproduce as nearly as possible the 
same conditions as in animal experiments when the 
electrode can be placed directly on the epicardium, 
devised their central terminal method of obtaining 
a remote electrode approximately at zero potential. 
They called leads taken in this way V leads (V for 
voltage). They also chose six positions on the 
chest for the exploring electrode, extending from 
the fourth intercostal space to the right of the 
sternum (V 1) to the mid-axillary line at the level 
of the apex (V 6), as subsequently recommended by 
the American Heart Association (1938). These 
methods were not generally accepted at first, and 
leads IV R and F are still widely used. We have 
tried to determine what advantages may be gained 
from the use of multiple unipolar chest leads. 

The principles underlying the unipolar method 
are based upon the equilateral triangle hypothesis 
which was propounded by Einthoven, Fahr, and 
de Waart in 1913. They stated that, having regard 
to the comparative remoteness of the extremities, 
the heart might be regarded as being in the centre 
of an equilateral triangle, and that, therefore, the 
algebraic sum of the potentials at the three points 
of the triangle at any given moment in the cardiac 
cycle was zero for all forces parallel to the plane of 
the triangle. So, if the three limbs were used as the 


leg. 





remote electrode, instead of one, a remote electrode 
at zero potential would be obtained, and such a lead 
would be unipolar since it would record only the 
changes in potential of the precordial electrode. 
The Einthoven hypothesis is only applicable to 
forces parallel to the plane of the triangle, and the 
cardiac vector moves in three dimensions, but 
Wilson et al. (1944) have adduced considerable evi- 
dence to the effect that the perpendicular forces are 
small and do not exceed 0-3 mv. For practical 
purposes these leads can beconsidered to be unipolar. 


UNIPOLAR AND BIPOLAR LEADS 

Technique. The apparatus required to take V 
leads consists of three limb terminals which are 
brought together at a central terminal. The right 
arm electrode from the galvanometer is attached 
to the central terminal: the three limb terminals 
are attached to the limbs. The left arm electrode 
from the galvanometer is used in the ordinary way as 
the exploring electrode on the chest. Wilson et al. 
(1934) interposed resistances of 5000 ohms on each 
limb terminal, but Goldberger (1942) published 
curves taken with and without the resistances and 
they were identical. We have followed the Gold- 
berger method and have not interposed resistances. 

Unipolar Limb Leads. When using a unipolar 
technique it is possible to obtain the potentials at 
any point on the surface of\the body. The original 
method of taking unipolar limb leads was to attach 
the exploring electrode on to the limb to be 
examined, having two electrodes on that limb. But 
the deflections by this method were sometimes small 
and difficult to measure. Goldberger (1942) intro- 
duced a modification that increased the size of the 
deflections by a half while their form was left 
unaltered. He substituted the exploring electrode 
for the V terminal on the limb to be examined, 
allowing that V terminal to hang loose. To take 
VR (the right arm unipolar lead) the exploring 
electrode is attached to the right arm and a V 
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terminal to the left arm and left leg. In taking 
VL (the left arm lead) and VF (the left leg lead) the 
exploring electrode is attached to the left arm, and 
the left leg respectively, with V terminals on the 
other two limbs. 

Bipolar Leads.—In the standard leads the two 
points are connected and the galvanometer, which 
is interposed, records the difference in potential 
between the two points. When the two points are 
equidistant from the heart, the effect of each upon 
the cardiogram is approximately equal. In lead I 
the galvanometer is arranged—or the polarity is 
such—that a state of relative positivity at the left 
arm is represented by an upward movement of 
the fibre. Since it is the difference between the 
potentials at the two arms which is recorded in 
lead I, the potentials at the right arm must be 
subtracted algebraically from those at the left arm. 
Thus, if the T deflections at the right arm are —2 mm. 
(which equals a potential of —0-2 mv.) and are 
+1 mm. at the left arm, the deflections in lead I 
will be +3 mm. Since the potentials at the right 
arm are usually negative, the deflections in lead I 
will generally be more positive than at those at the 
left arm. This is the reason why an upright T 
is sometimes found in lead I in anterior infarcts 
although T is negative in lead VL, the left arm 
unipolar lead. In lead III a relative state of 
positivity at the left leg results in an upward move- 
ment of the fibre. Thus, if T at the left leg equals 
+2 mm. and is +1 mm. at the left arm, in lead III 
it will be +1 mm. 

The chest leads CR and CF are also bipolar leads, 
but since the extremity, or remote, electrode is so 
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much farther from the heart than the chest electrode, 


the influence it exercises is much less. Wilson 
(1944) has estimated that the size of the deflections 
at the precordia is from three to five times that at 
an extremity. The influence of the extremity 
electrode is, therefore, about one-quarter that of 
the chest electrode. But, when multiple chest leads 
are used, and the potentials at one point of the 
chest compared with those at another, any influence 
at all from the remote electrode is undesirable since 
it may distort the curve. 

It has recently been suggested (Wallace and 
Grossman, 1946; Hoyos and Tomayo, 1947) 
that in practice the differences between CR, CF, and 
V leads are so slight as to be negligible. Since a 
CR lead equals approximately C—VR/4, and a CF 
lead equals C—VF/4, the distortion to be expected 
in any given case can be estimated if the VR and VF 
leads are available. If the Goldberger augmented 
method of obtaining the unipolar limb leads has 
been used, the deflections must be reduced by 
one-third: the equation then is CR (or CF)=C— 
VR (or VF)/6. 

A series of 300 unipolar limb leads were examined 
with regard to this point. The T waves were fiat 
in 49 cases'in VR and 47 in VF. They were +1 mm. 
in 111 and 117 respectively; +2 in 62 an 65; 
+3 in 44 and 40. Thus in 89 per cent the T 
deflections were 3 mm. or less, which should give 
a distortion of not more than 0:5 mm., and this is 
negligible. In the remaining 11 per cent, however, 
the distortion is appreciable. Fig. 1 was taken from 
a patient with mitral and aortic disease. Standard 
leads show left axis deviation; the T waves are 
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Fic. 1.—V, CR, and CF leads showing effect of distortion on CR and CF leads from the right arm and 


left leg respectively. For details see text. 
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prominent in leads II and III. Unipolar limb leads 
show that the heart is semi-vertical T in VR 
measures —6 mm.: in VF, T measures + 6 mm. 
V, CR, and CF leads were taken with the exploring 
electrode on position I. The exploring electrode 
was then moved to the second position and the 
process repeated. The CR leads are everywhere 
more positive than the V leads; CF leads are more 
negative. T in V1 is negative, as it frequently is 
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horizontal or very vertical hearts (extreme left and 
right axis deviation) when it is negligible. It is 
greatest in the semi-horizontal or semi-vertical 
positions. In CF leads the distortion varies with 
the position of the heart. With a normal position 
the deflections in lead VF are sufficiently small to 
make CF leads accurate enough for ordinary 
purposes. In the semi-horizontal position the 
deflections are so small as to make CF leads in that 














CF 3 CFS CF 6 


Fic. 2.—V, CR, and CF leads from a patient with previous anterior infarction. CR leads are normal. 
CF leads have negative T waves from 1-6. 


in health. In CR it is positive. T is negative in 
CF 1, 2, and 3, and just upright in CF 4. R waves 
are more positive and S waves less negative in CR 
leads than in V leads. This destroys the balance 
of the series. While the V leads show slight, but 
definite, left ventricular hypertrophy, the CR series 
is within normal limits. , 

Fig. 2 was taken from a patient recovering from 
an anterior infarct. The position of the heart 
was semi-vertical. Six months previously there 
was bowed inversion of T in leads V 1-V 4. Now 
V1 and V2 have negative T waves; T in V3 is 
diphasic; T in V 4-V 6 is positive but not much so. 
In the CR series T is positive from 1-6. In the 
CF series it is negative from 1-6. The CR leads 
are, therefore, normal while the CF leads suggest 
an anterior infarct, and the difference between them 
is due to distortion from the right arm and left leg 
respectively. 

Fig. 3 shows the type of distortion that may be 
expected in the different positions of the heart in 
CR and CF leads. In CR leads the distortion is 
Positive in all positions of the heart except in very 





position possibly the most accurate of any. With 
horizontal hearts there is increasing positive dis- 
tortion, but in general CF leads are good in all 
these positions. When the heart is_ vertical, 
however, large R waves and upright T waves are 
seen in VF leads, causing a negative distortion, 
which may lead to the recording of negative T waves 
in CF leads due only to the influence of the left leg. 
Nor is it possible to be sure that the heart does not 
lie vertically unless unipolar limb leads are taken, 
since standard curves may show left axis deviation 
in such cases if there is left ventricular hypertrophy, 
as in Fig. 1. 

Principles underlying Chest Lead Interpretation. 
Active heart muscle is electrically negative to 
inactive muscle. The impulse for contraction passes 
down the Purkinje tissue in the subendocardial zone 
and reaches the ventricular cavities almost at once. 
The ventricular cavities are, therefore, negative 
throughout the whole of the QRS. The impulse 
then spreads outwards through the ventricular 
muscle, and, as it does so, the muscle which has 
been activated will be negative, while in front of the 
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Fic. 3.—Unipolar limb leads showing changes in different positions of the heart. 


advancing head of the wave there will be a zone of 
positivity. This zone of positivity is reflected to the 
surface of body and causes the positive R to be the 
main initial deflection to be recorded in health. 
When the impulse reaches the surface of the ventricle, 
a negative charge is reflected to the surface of the 
body, and a negative downward deflection, called 
the intrinsic deflection by Lewis, occurs. Whether 
or not this downward deflection is prolonged into 
an S wave depends on whether that part of the 
heart muscle under the exploring electrode has 
been activated early or late in relation to other parts 
of the ventricular muscle. By the time the impulse 
reaches the surface of the right ventricle, the left 
ventricle will not be fully activated. The right 
ventricle will then become negative to the left and 
an S wave will be recorded in leads to the right of 
the precordia such as V 1 or V2. When, however, 
the impulse reaches the epicardium over the thickest 
part of the left ventricle (lead V 5 or V 6), the whole 
heart will be in systole. No current flows, since 
the QRS phase is over, and the fibre comes to rest 
at zero potential, S being absent. As the electrode 
is moved over the precordia from right to left, an 
R followed by a deeper S in leads V 1 and V 2 gives 
place to an R without S in V5 and V6. Changes in 
this normal sequence of events enables the diagnosis 
of unilateral ventricular hypertrophy to be made, 
and the side of the lesion in bundle branch block to be 
determined. 

Unipolar Limb Leads and the Position of the 
Heart. When the position of the heart is normal, 
the aorta and the pulmonary artery, as they arise, 
point upwards towards the right shoulder. Lead 
VR which enters the chest, so to speak, through the 


right shoulder will face these vessels and so reflect 
to a great extent the state of the ventricular cavities. 
Since these are negative throughout the whole of 
the QRS, lead VR, except in extreme rotation of the 
heart, has negative deflections. VL, the left arm 
lead, reflects the potentials on the anterior surface 
of the left ventricle, while VF, which enters the chest 
through the left dome of the diaphragm, reflects the 
potentials of the diaphragmatic or posterior surface 
of the left ventricle. When the position of the 
heart is normal, both these leads have positive 
deflections. 

If the heart rotates clockwise, becoming more 
vertical, the aorta and pulmonary artery, as they 
arise, will tend to point directly upward or midway 
between the two shoulders. Lead VL will then 
become similar to VR, or to leads to the right of 
the precordia, and have negative deflections. An 
S wave in lead VL shows that the heart is vertical. 
When R and §S are small and equal, the position 
is semi-vertical. A vertical position of the heart 
occurs in long narrow chests, in emphysema, and 
in right-sided hypertrophy. 

If an anti-clockwise rotation occurs, the heart 
becomes horizontal. A horizontal position is 
found in left-sided hypertrophy or when the left 
diaphragm is high as in obesity or in sthenic types. 
An S wave then appears in lead VF, or, if the 
position is semi-horizontal, the deflections are small. 
For this there are two explanations. According to 
Wilson et al. (1944) the aorta, issuing more horizon- 
tally to the right, comes to face almost midway 
between the right shoulder and the diaphragm, and 
consequently lead VF will resemble VR, or V | and 
V 2, and have negative deflections. In this view if the 
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deflections in VF resemble those on the right side 
of the precordia (V 1 and V 2) while VL resembles 
those on the left (V 5 and V 6) the position of the 
heart is horizontal; if VF resembles V5 and V 6, 
while VL is like V 1 and V 2, the heart is vertical. 
In this interpretation an S wave in lead VF means 
that the heart is horizontal except in certain cases of 
right branch block (see Fig. 11). 

Goldberger (1944) in his explanation points out 
that the voltage of the negative potentials in each 
ventricular cavity will depend on the mass of muscle 
involved. Since the left ventricle has nearly always 
a greater mass than the right, the potentials in the 
cavity of the left ventricle will be more negative 
than those on the right, and, should the two sets of 
potentials oppose each other, the stronger potentials 
on the left side will overcome those on the right. 

When the heart is normal in position, lead VF, 
which enters the chest through the left diaphragm, 
will face about equally the advancing wave in each 
ventricle. Asa result the potentials will be positive. 
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FiG. 4.—Normal chest leads. 


amplitude of R in V1 and V 2 while S is diminutive in V 5 and V 6. 
(B) Heart horizontal. 
deviation. 


Left axis deviation. 


UNIPOLAR CHEST AND LIMB LEADS 





(A) Heart in normal position. 
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When the heart is placed vertically lead VF will face 
more of the left ventricle than of the right, and the 
potentials will become correspondingly more positive 
still. When, however, the heart is horizontal lead 
VF will face more of the right ventricle, but it will 
also face the negative potentials at the tail of the 
wave in the left ventricle which has now come to 
lie more superiorly. These stronger negative 
potentials from the left ventricle overcome the 
positive potentials in the head of the wave in the 
right ventricle, with the result that small but 
negative waves occur in lead VF. In this view an 
S wave in lead VF always means that the heart is 
horizontal. 


PRESENT SERIES 
Cases with cardiac enlargement were specially 
selected at first since the intention was to try to 
establish more satisfactory criteria for unilateral 
ventricular hypertrophy than was afforded by axis 
deviation. Normal subjects of differing habitus 
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Chest leads show S to have twice the 
VL and VF are positive. 


Note S in VF. (C) Heart vertical. Right axis 


Note Sin VL. T is inverted in V 1 and V 2. 
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were also examined to find the effect of varying 
positions of the heart upon the electrocardiogram. 
Later complete 12 lead electrocardiograms were 
taken on all patients with infarcts and bundle branch 
block. 


NORMAL PRACORDIAL LEADS 


In leads V 1 and V 2 an R wave is followed by an 
S wave of about double the amplitude (Fig. 4A). 
In leads to the left of the precordia (V 5 and V 6) 
an R only is seen, S being absent or diminutive. 
The point where the complexes change from a 
predominant S to a predominant R is called the 
transitional point, and is situated about the level 
of V3, which is placed approximately over the 
interventricular septum. 

The T wave in V | is frequently inverted in health, 
and this has no significance. It may also be 
inverted in V2 if the heart is placed vertically. 
In children inversion of T may also involve V 3, 
but this is exceedingly rare in adults. 

Normal precordial leads were found in 49 cases 
in whom ventricular hypertrophy was judged to be 
absent on clinical grounds. 

In 33 cases the heart was normal. In these the 
heart was in normal position in 9 (Fig. 4A), hori- 
zontal or semi-horizontal in 9 (Fig. 4B), and vertical 
or semi-vertical in 15 (Fig. 4C). Both left and right 
axis deviation were frequent, the electrical axes 
varying from +110 to —70. The high proportion 
of abnormal positions was due in part to the selection 
of cases for the purpose of the investigation, but 
it is undoubtedly more common to find a vertical 
heart in a normal subject than a horizontal. 

In 16 cases some clinical abnormality was present. 
In 9 there was moderate elevation of the blood 
pressure but no cardiac enlargement could be made 
out on screen examination. The remainder were 
made up of patients with angina pectoris (3), 
heart block (2), auricular fibrillation (1), goitre (1). 

The position of the heart in these patients was 
normal in 11, horizontal in 4, and semi-vertical in 1. 


LeFT VENTRICULAR HYPERTROPHY 

There are five criteria of left ventricular hyper- 
trophy (Fig. 5). 

(1) The R wave in leads to the right (V1, V2, 
and V 3 and occasionally V 4) becomes diminutive. 
We have adopted as a minimum requirement that 
the R wave should have an amplitude of no more 
than one quarter that of the S wave which should 
measure at least 12 mm. in any one of these leads. 

(2) Inverted T waves are seen in V 4, V 5, or V 6. 
Similar changes occur in lead I, but not so frequently 
as in the chest leads. They must be distinguished 


from inversion due to digitalis (Fig. 6A). 
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(3) The transitional point swings to the left. 
Minor changes in the transitional point are without 
significance. This criterion was judged to be 
present when the transitional point reached V 4 or 
further to the left. 

(4) An increase in voltage of the deflections may 
be seen. 

(5) The QRS increases to 0-09 secs. or more. 

Left ventricular hypertrophy was judged to be 
present on clinical grounds in 120 cases. Most of 
the patients had hypertension, and cardiac enlarze- 
ment was seen on screen examination. Others had 
aortic disease. Congenital heart lesions were 
present in a few. Those showing bundle branch 
block or evidence of infarction are not included in 
this group. 

Diminution in the R wave and increase in the § 
wave in leads over the right side. The R waves 
had an amplitude of not more than one quarter 
that of the S wave, which measured 12 mm. or more 
in either V 1, 2, 3, or 4 in 103 of these cases, or 86 
per cent. 

Left axis deviation was present in 59 of this group 
or 57 per cent. The electrical axes varied from 
+18 to —80, with one exception in a bizarre curve 
in a boy with a congenital lesion in whom it was 
+58. The position of the heart was horizontal 
in 23 of the cases, semi-horizontal in 19, and normal 
in 17. 

Left axis deviation was not present in 44 cases, 
or 43 per cent. The electrical axis in this group 
varied from +80 to +12. The standard leads in 
some of these showed right axis deviation (Fig. 6B). 
In only two was the heart semi-horizontal : it was 
semi-vertical in 13 and vertical in 6, the remainder 
being normal in position. The position of the heart 
had, therefore, a material influence upon the 
appearance of left axis deviation, which was present 
in only 57 per cent of those in whom left-sided 
hypertrophy could be diagnosed from the chest 
leads. 

Inversion of the T wave in V4, 5, and 6. The T 
waves were inverted in leads over the left side in 
39 cases or 32 per cent. A corresponding inversion 
of the T wave was found in lead I in 16 patients, and 
in lead VLin 18. Digitalis was a factor in a further 
22 cases. In 9 cases inversion of the T wave was 
found in the absence of the first criterion: 3 of these 
had anasarca which lowers the voltage of the chest 
leads. R waves were not present in V1 or V 2, 
but the S waves were less than 12 mm.; 2 of these 
subsequently showed characteristic deep S waves. 
One other patient had kypho-scoliosis with con- 
siderable distortion of the chest. In the remaining 
five cases no cause could be found for the absence 
of the first criterion. 
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Fic. 5. A Fic, 6. B 


Fic. 5.—Left ventricular hypertrophy. Left axis deviation. Horizontal heart. Diminutive R waves 
V1, V2, V3, with S over 12 mm. Inversion of Tin V5 and V6. Transitional point between V 4 
and V5. Large complexes. QRS 0-10 second. From a patient with chronic interstitial nephritis. 
Left ventricle much thickened at autopsy. 


Fic. 6.—Left ventricular hypertrophy. (A) With a normal electrical axis. Auricular fibrillation. 
Absent R waves in V1, V2, V3 with deep S in V3. Transitional point between V 4-V 5. 
Inversion of T in V4 and V5. Inversion in V 6 is due to digitalis. The heart is vertical. From 
a patient with hypertension and congestive failure. At autopsy both ventricles much hypertrophied. 
Numerous pulmonary infarcts. (B) With right axis deviation. Mitral stenosis, auricular fibril- 
lation, and hypertension. Heart enlarged to left and right. Congestive failure. Diminutive R 
waves in V1 and V2 with deep S in V2. Transitional point between V 4-V 5. The heart is 
vertical. 


Taking the two criteria together, evidence of left trodes. A transitional point to the left of V 4, 
ventricular hypertrophy was present in 112 of the which occurred in 26 cases is almost always evidence 
120 cases or 93 per cent. Excluding those who had _ of considerable left ventricular hypertrophy, but 
received digitalis they were both present together other criteria will then be present. By itselfa shift in 


in 30 cardiograms or 25 percent. the transitional point is unreliable, and is not accept- 
Shift in the Transitional Point to V4 or further able alone as evidence of left-sided hypertrophy. 
to the left. This occurred in 69 records, but it was Increase in Voltage of the Complexes. In left- 


also found in 14 patients in whom there was no _ sided hypertrophy the voltage of the S wave in 
clinical evidence of left-sided hypertrophy. More _ leads to the right and of the R wave in leads to the 
than any of the other criteria, the transitional point left may be very large. But this sign is variable, 
depends upon the correct positioning of the elec- - and depends upon many factors, which affect the 
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distance between the epicardium and the electrode. 
Anasarca, pulmonary oedema, or a thick chest wall 
will tend to diminish the size of the deflections 
(Lapin, 1947). Dilatation of the ventricle, bringing 
the epicardium nearer to the chest wall, may increase 
them (Bayley, 1947). Large complexes may occur 
in health, and as a criterion of ventricular hyper- 
trophy we have found it of no value. 

Increase in the QRS Breadth. The QRS was 
increased to 0-09 second, or more, in 9 advanced 
cases only, where it was also prolonged in the 
standard leads (Fig. 5). 

in 9 patients with left ventricular enlargement no 
criteria of hypertrophy were found in the chest 
leads. In one the record was taken during a 
paroxysm of auricular tachycardia. Although the 
R waves were absent in V 1, the S waves were only 
9mm. Two days later the paroxysm had stopped 
and deep S waves were then present. Two more 
cases developed characteristic changes in a later 
record. Four had hypertension with slight to 
moderate cardiac enlargement, and no reason could 
be found why the chest leads were normal. In all, 
the R waves were small in leads V1 and V2, 
varying from 1 to 2 mm., but the S waves were from 
9to 11 mm. In two patients the chest leads were 
quite normal, but both had considerable displace- 
ment of the heart, one from an old empyema, one 
from kypho-scoliosis. 

In 9 cases the first criterion was present without 
clinical evidence of left ventricular enlargement. 
In 5 of these some hypertrophy may in fact have 
been present. One was a young woman admitted 
to hospital with acute pulmonary cedema, who 
gave a history of two similar attacks for which she 
had been kept in bed a month and 6 weeks respec- 
tively: her lung roots were prominent but the heart 
appeared to be normal in size. Another was .a 
soldier with a history of acute nephritis three years 
previously and a relapse a month before when the 
blood urea was 72. The third had myxcedema with 
a B.M.R. of —35 per cent; the heart did not seem 
to be enlarged, but the pulsations were feeble. Two 
cases were seen in surgical wards and skiagrams 
were not taken. The first had gangrene of a toe 
with moderate elevation of the blood pressure, 
and the second was very obese and had had a pul- 
monary embolism after the removal of an umbilical 
hernia. 

Of the remaining 4 cases, one had angina pectoris; 
2 had moderate hypertension, but the heart was 
not enlarged. In the last patient it is possible that 
an error in standardization may have been made. 
Coronary occlusion had been suspected but the 
pain was due to gall stones and the heart was normal. 
Two years later the chest leads were normal. 


Cc 
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RIGHT VENTRICULAR HYPERTROPHY 


The characteristic changes of right ventricular 
hypertrophy are seen in lead V1. The intrinsic 
defiection is delayed owing to the time taken by the 
impulse to reach the surface of the thickened right 
ventricle. A late R waveisseen. S is either absent 
or diminutive. There may be a small primary 
R followed by a primary S (Fig. 7A) or else a 
small Q (Fig. 7B). Sometimes these small primary 
deflections appear as a notch on the upstroke of 
R (Fig. 8A). These features may be limited to 
V 1 (Fig. 8B) or may be seen also in V2, V3, and 
V 4 (Fig. 7B). In leads to the left of the precordia 
S waves are usually seen, but there is no abrupt 
transitional point as occurs in left ventricular 
hypertrophy. The T waves may be inverted in any 
of the precordial leads. 

Although the changes in V 1 are characteristic, a 
considerable amount of right ventricular hyper- 
trophy must be present before they appear, since 
they indicate that the thickness of the right ventri- 
cular wall approaches that of the left. The position 
of the heart is always vertical when the precordial 
leads show right ventricular hypertrophy. 

In some cases where V 1 was normal, evidence of 
right ventricular hypertrophy was found in lead 
V3R, in which the electrode is placed on a point 
midway between the right sternal border and the 
right mid-clavicular line (Myers, Klein, and Stofer, 
1948). 

Nineteen cases showed the changes of right 
ventricular hypertrophy: 10 had advanced mitral 
stenosis: 8 had congenital heart disease, comprising 
6 cases of auricular septal defect, and 2 of pul- 
monary stenosis. One case with old standing Pott’s 
disease is included since the R wave in V1 was 
greater than the S, but the curve was bizarre from 
the gross distortion of the chest. 

Eight cases had clinical evidence of right ven- 
tricular hypertrophy but the precordial leads were 
normal: 3 of these had mitral stenosis; 4 had 
asthma or severe bronchitis; 1 had an auricular 
septal defect, but the heart was displaced to the left, 
and probably rotated, by scoliosis. In two patients 
with mitral stenosis, the heart was normal in 
position. In the remainder it was vertical. 


BUNDLE BRANCH BLOCK 


In bundle branch block the intrinsic deflection is 
delayed on the side of the lesion, but occurs early 
on the healthy side. - The QRS has usually a slightly 
longer duration than in standard leads. 

In left branch block R is diminutive or absent in V 1 
and V2 anda deep broad S wave occurs (Fig. 9A). 
In leads over the left side such as V5 and V6a 
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large broad notched R is seen. The position of 
the transitional point is very variable and the 
R wave may not appear until V 6 (Fig. 9B). This 
seems to happen particularly when the heart is 
vertical. Discordant types of standard leads occur 
when the heart is normal or horizontal: con- 
cordant when the heart is vertical. These terms no 
longer serve any purpose since they signify changes 
that are confined to the standard leads and are 
due merely to differing positions of the heart. 
Occasionally standard leads may suggest a right 
branch block, when the chest leads are charac- 
teristic of a left-sided lesion (Fig. 10). 

Out of 17 cases of left branch block, the heart 
was horizontal in 14 (Fig. 9A) and was vertical in 3 
(Fig. 9B). 

In right branch block a broad notched R occurs in 
V 1, and often in V 2 as well (Fig. 11A). Occasion- 

















ally the R is preceded by a small Q; more often 
there is a diminutive primary R with a succeeding 
S which is followed by a large secondary R (Fig. 
11B). A deep Q in V1 and V2 in right branch 
block is due usually to the involvement of the 
septum in an antero-septal infarct, and will be 
described later. In leads to the left of the precordia 
a slender R wave is followed by a broad S (Fig. 
11B). The R wave is not small or absent as in 
leads over the right side in left branch block because 
the impulse takes longer to pass through the thicker 
left ventricular wall to reach the epicardium. 

Some curves do not conform either to a right- 
or left-sided lesion. In these cases the disease is 


probably bilateral (Fig. 12). 

Right branch block was present in 14 patients. 
Of these the heart was in a normal or horizontal 
position in 6 and in a vertical position in 8 according 























A Fic. 9, B 


Fic. 9.—Left bundle branch block. (A) Discordant. 





Fic. 10. 


QRS 0:18 second. Small R with deep S in V1, V2, and 


¥ 3. _ Large notched R in V5 and V6. Transitional point seen at V4. The heart is horizontal. 
(B) Concordant. QRS 0:12 second. V1, V2, V3 diiminutive R waves with deep S. At V6 small but 


notched R: S absent. The heart is vertical. 


Fic. 10.—Left bundle branch block. QRS 0-16 second. Standard leads suggest right’ branch block. V1, V 2, 
V 3 have small R waves with very deep S waves. V4-V 5 are transitional. V6 small but notched R wave: 
S diminutive. The heart is vertical. 
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Fic. 11.—Right bundle branch block. (A) QRS 0-15 second. Complete heart block. 
V 1 and V2 have a large notched R without an S: V5 and V6 a slender R 
followed by a broad S._ The heart is vertical according to Wilson but horizontal 
according to Goldberger. (B) QRS0-14second. V1 has small R with S followed 
by large secondary R. V2 has notching of upstroke of R. V5 and V6 have 
tall but slender R followed by broad S. The heart is semi-horizontal. 


to the Wilson et al. (1944) explanation. According 
to the Goldberger (1944) explanation it was normal 
or horizontal in all. Seven of the cases were of 
the antero-septal infarction type. 

Incomplete Bundle Branch Block. Incomplete 
right branch block may be diagnosed when 
embryonic R waves appear in V1 in conjunction 
with increased duration of the QRS (Wilson et al. 
1944). A diminutive R is followed by a small S, and 
asmall secondary R (Fig. 13). 

Incomplete left branch block is impossible to 
distinguish from left ventricular hypertrophy with 
prolongation of the QRS. 


CARDIAC INFARCTION 

Since precordial leads face the ~art of the 
advancing wave that is activating the anterior 
surface of the left ventricle, they show characteristic 
changes only in anterior infarcts. In posterior 
infarction they face the tail of the wave and may 
have some depression of the S-T interval. Other- 
wise they are normal, although signs of left ven- 
tricular hypertrophy may be seen in cases of 
hypertension. 

In anterior infarcts involving the whole thickness 
of the ventricular wall, deep QS waves are seen in 
the precordial leads. When the muscle is dead or 








Fic. 12. 


Fic. 12.—Bundle branch block, predominantly right sided. QRS 0-14 second. 
V 1 has small R followed by broad S with larger secondary R. V5, V6 the 
R and S are approximately equal in duration. 


Fic. 13.—Incomplete right branch block. QRS 0-10 second. V1 has a diminu- 
tive R and S followed by a small secondary R. V5 and V6 slender R 
followed by broader S. From a patient with hypertension and _ left 
ventricular enlargement. The heart is horizontal. 


irresponsive there is nothing to prevent the initial 
negativity of the ventricular cavity passing straight 
through to the chest electrode. As Wilson ef al. 
(1944) points out, it is as if a window had been cut in 
the ventricular wall. Elevation of the RS-T junc- 
tion and sharply pointed negative T waves are also 
present. In antero-septal infarction the precordial 
leads chiefly affected are those to the right—V 1, 
V2 and V3. In this type lead I is often normal. 
If the infarct involves the septum, the bundle 
branches may be cut. The combination of the 
changes due to anterior infarction and to right 
branch block gives a characteristic picture. If the 
left branch is cut, signs of infarction seldom appear. 
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Fic. 13. 


This is partly because the large diphasic complexes 
of left branch block engulf the RS-T deviation and 
negative T waves, and partly because in left branch 
block the left ventricular cavity does not become 
negative until the impulse crosses the septum. Only 
if the whole thickness of the septum is involved in 
the infarct, will the negative potentials of the right 
ventricular cavity be transmitted through the dead 





muscle to the left, and allow Q waves to appear. 

If the infarct is situated towards the lateral wall— 
the antero-lateral infarct—leads V4, V5, and V6 
will show the maximal changes. In small sub- 
endocardial infarcts not involving the whole thick- 
ness of the wall, Q waves may be absent. Bowed 
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inversion of T may be the only evidence found. 
This must be distinguished from inversion due to 
hypertrophy or digitalis. The height of the R wave 
in the precordial leads may help. In health the 
R increases as the electrode is moved from right to 
left, and this tendency is more pronounced in left 
ventricular hypertrophy. A diminution in the 
height of the R as the electrode is moved to the 
left is valuable corroborative evidence of infarction. 
Or in some cases of left ventricular hypertrophy, 
the R wave may remain diminutive in V 5 and V 6 
(Fig. 14). Occasionally the chest leads may be 
normal, and yet leads I and VL may be typical of 





UNIPOLAR CHEST AND LIMB LEADS 21 


infarction. In cases of this kind Wilson (1946) 
has found that the precordial lead changes were 
present at a higher level of the chest, and he places 
the electrode at the usual positions but along the 
third interspace. 

Extensive Anterior Infarction. In _ extensive 
anterior infarction QS waves with elevation of 
the RS-T junction and deep inversion of F appear 
in all the chest leads (Fig. 15). In 7 cases of this 
type 2 died and 2 developed a cardiac aneurysm. 
In all T was inverted in lead VL and in all but 1 in 
lead I, when it was flat. In 3 cases T was negative 
in lead II as well as in lead I. 





Fic. 14. 


Fic. 15. 


Fic. 14.—Anterior infarction. Q waves, elevation of the RS-T junction and 
bowed inversion of T in leads I and VL. Chest leads show only left 
ventricular hypertrophy, but the R wave is unusually small in V 5 and V6. 


The heart is horizontal. 


Fic. 15.—Extensive anterior infarction. QS waves are seen from V 1-V 6, 


with bowed inversion of T. 
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Antero-septal Infarct. The changes affect especi- 
ally leads to the right, such as V1, V2 and V3. 
T is upright in V 6, and usually in V5 (Fig. 16). 
There were 10 cases of this type. In 8 there was 
bowed inversion of T in V1, V2, V3, and V4: 
in the others V 3—V 5 were affected. In 7 of these 
cases T was also just inverted in VL, but in two only 
was it inverted in lead I though in two more it was 
flat. 

Antero-septal Infarct with Right Bundle Branch 
Block. When an antero-septal infarct involves the 
septum, the right branch may be cut. A deep Q 
is then seen in V1, V2, and V3 (Fig. 17A). This is 
followed by a late R, from the descending limb of 
which arises the bowed T wave, with considerable 






































Fic. 17.—Antero-septal infarction with right bundle branch block. 
V2, and V3 with elevation of the RS-T junction and bowed inversion of T from V 1-V 5. 
second. Delayed intrinsic deflection in V 1, with slender R and broad S in V 6. 

QRS 0:14 second. 

é The R wave is smallin V5 and V6. At autopsy the infarct was anterio1 

and apical, and involved the upper part of the septum. 


with inversion of T in V 1, V 2, and V 3. 
a delayed intrinsic deflection. 
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elevationof the RS-Tjunction. The QRSis widened. 
In leads to the left a slender R wave is seen and the 
T waves may be normal (Fig. 17B). Standard leads 
may show little more than widening of the QRS 
(Fig. 17A), though the T wave may be bowed in 
lead I. 

There were 6 cases with this combination. In 
5 there was complete right branch block, the 
duration of the QRS varying from 0:12 to 0:14 
second. Three of these patients died; in another 
the block was temporary only, disappearing in a 
week. The right branch block was incomplete in 
1 case, the QRS being 0-11 second (Fig. 16). 

Antero- and Postero-lateral Infarct. Here the 
changes are seen in leads to the left of the precordia 








A Fic. 17. B 


Fic. 16 
Fic. 16.—Antero-septal infarction with incomplete right branch block. 
and V3. The T wave in V4 and lead I is normal. QRS 0-11 second. Diminutive primary and 
secondary R waves in V 1. 


Bowed inversion of T in V1, V2 


The patient gave a history of recent short attacks of angina at rest. 


(A) Deep Q waves present in V }, 
QRS 0:12 
(B) Q waves present 
V 1 and V2 have broad R waves with 
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(V 5 and V 6) and also in lead I and in VL. There 
were 12 patients in this group of whom 6 had 
inversion of T in V 4, V5, and V 6, and 6 in V5 
and V6 only. In 11 of these 12 patients T was 
inverted in lead I and in VL: in the twelfth it was 
flat in both. In 6 of the 12 T was also inverted in 
lead II and in 5 it was inverted in VF, being flat in a 
sixth. 

Posterior Infarct. In posterior infarction the 
counterpart of the precordial leads is the esophageal 
iead since this lead faces the wave as it advances 
through the infarcted area. But lead VF also 





A Fic, 18. B 


UNIPOLAR CHEST AND LIMB LEADS 





23 


reflects the changes over the diaphragmatic or 
posterior surface of the left ventricle. Lead III 
is VF-VL, and VL faces the tail of the wave in 
posterior infarction. To the depth of Q in VF will 
be added in lead III the reversed R of VL; to the 
upward deviation of the RS-T junction, the reversed 
depression of the RS-T junction in VL; to the 
negative T of VF, the reversed positive T of VL. 
Lead III, therefore, always shows more pronounced 
changes than VF but in a sense these are spurious, 
being due to the subtraction of opposite values in 
VL (Fig. 18A). 























Fic. 19. 


Fic. 18.—Posterior infarction. (A) Q waves and negative T waves in leads II, HI,and VF. Chest 
leads are normal. (B) Chest leads show left ventricular hypertrophy, with deep QS in V 2. 


Fic. 19.—Left ventricular hypertrophy with right axis deviation and a vertical heart. Concave 
depression of S-T interval due to digitalis seen in leads I, II, HI, VF, and V6. Convex 
elevation of S-T interval seen in leads VR, VL, V1, V2, V3, and V4. From a patient with 
mitral stenosis, aortic incompetence, hypertension, auricular fibrillation, and congestive 


failure. 
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Precordial leads may show some depression of 
the RS-T junction. Sometimes the infarct may 
encroach upon the lateral wall of the left ventricle, 
and inversion of T may be present in V 6. In other 
cases inversion of T in the precordial leads may be 
due to left ventricular hypertrophy, or to a previous 
anterior infarct. 

There were only 8 patients in this group. All 
had Q waves and deep inversion of T in VF as well 
as in lead III, and to a less degree in lead II. In 
one case T was inverted in V6. One patient with 
considerable hypertension and another with aortic 
incompetence had evidence of left ventricular 
hypertrophy in the chest leads (Fig. 18B). Inversion 
of T in V 4, V5, and V 6 in one case was probably 
due to a previous anterior infarct. 


Congenital Heart Disease 


In a small miscellaneous group of congenital 
heart lesions comprising cases of dextrocardia (4), 
pulmonary stenosis (1), and aortic stenosis (1), the 
curves were either bizarre or within normal limits. 


EFFECT OF DIGITALIS 


Digitalis causes the same depression of the RS-T 
junction, and negative T waves, in leads to the left 
of the precordia such as V 5 and V 6, as it does in 
the standard leads. The inversion due to digitalis 
may be difficult to distinguish from that of left 
ventricular hypertrophy and both may be present 
in the same record. The negative T due to hyper- 
trophy is usually convex, while the T wave of 
digitalis saturation is concave. A considerable 
digitalis effect may involve all the precordial leads. 
When this occurs in advanced left ventricular 
hypertrophy with deep QS waves from V 1-V 4, 
convex elevation of the S-T interval takes the place 
of depression in these leads (Fig. 19). This is 
due to the fact that leads to the right of the precordia 
have the same characteristics as lead VR. Since 
VR is in effect an intracardiac lead, the deflections 
are altered by digitalis, as also by anterior infarction 
(Fig. 17B), in an opposite direction to those of 
lead I, VL, and the leads to the left of the precordia. 
In right ventricular hypertrophy, inversion of T can 
occur in all the precordial leads in the absence of 
digitalis, and a digitalis effect can seldom be 
distinguished. 


DISCUSSION 


Multiple precordial leads have given an accurate 
picture of left ventricular hypertrophy in 90 per cent 
of the cases in whom it was judged to be present on 
other grounds. The most satisfactory criterion has 
been a diminution in the height of the R wave and 
an increase in the depth of the S wave in leads to 


the right of the precordia. Left axis deviation was 
present in only half those who showed this change. 
In some of the cases with a normal electrical axis, 
and in all those with right axis deviation, unipolar 
limb leads showed that the heart was vertical. In 
autopsies performed on such cases the right ventricle 
has always been found to be hypertrophied as well 
as the left. The combination of signs of left ventri- 
cular hypertrophy in the chest leads and a vertical 
heart would seem to indicate hypertrophy of both 
ventricles. 

In right ventricular hypertrophy chest leads are 
not so successful since lesser grades of hypertrophy 
do not alter the curves. The heart is always ina 
vertical or semi-vertical position when the charac- 
teristic changes are present in lead V 1. 

In bundle branch block it is nearly always possible 
to determine the side of the lesion. The form of the 
standard leads varies greatly with the position of the 
heart and curves are concordant when the position 
is vertical. Occasionally the standard leads may 
suggest a right branch block, when in fact the lesion 
is on the left side. The reverse has not been seen. 

Although in general the maximal changes in 
infarction are usually to be found in the region of 
the apex, localization is more exact when multiple 
leads are taken. A clearer picture is given of the 
extent of infarction. Antero-septal and antero- 
lateral types can be distinguished. The combination 
of anterior infarction and right bundle branch block, 
due to involvement of the septum, is clearly seen. 

The information given by the apical lead IV is 
inadequate in many respects. Ventricular hyper- 
trophy is not shown by it at all. Indeed, it often 
lies in the transitional zone which is under the 
influence of both ventricles. The lead does not 
assist in determining the side of the lesion in bundle 
branch block. In antero-septal infarction the 
changes may be limited to leads to the right of the 
precordia and the apical lead may be normal. 

When several points on the chest wall are to be 
explored, it is important that all extraneous influence 
should be eliminated as far as possible. Since CR 
and CF leads are bipolar, the extremity used has 
some effect upon the curve. Although in 90 per 
cent of cases these leads were found to be sufficiently 
accurate as regards the T waves, distortion was 
appreciable in the remaining 10 per cent. Inverted 
T waves may be recorded in CF leads, if the heart 
is vertical, owing to negative distortion from the 
left leg. Negative T waves may be made positive 
in CR leads by distortion from the right arm. The 
distortion is not, however, confined to the T waves. 
R waves will be more positive in CR leads and S 
waves will be more negative in CF leads, with the 
result that the balance of a series may be altered 
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UNIPOLAR CHEST 





and left ventricular hypertrophy may be missed or 
diagnosed wrongly. The unipolar method of 
Wilson appears to be accurate within narrow limits. 
The leads are simple and easy to apply. If they 
become, as we believe they will become, the standard 
method of taking chest leads, instrument makers 
will have no difficulty in introducing a switch that 
wil! obviate the need for any additional connections. 

Unipolar limb leads enable the position of the 
heart to be ascertained. Axis deviation is a com- 
pound of positional changes and hypertrophy, 
whereas the unipolar limb leads vary, as regards 
the R and S waves, with position only. When the 
position is normal, lead VL reflects the potentials 
of the anterior surface of the left ventricle, and 
lead VF of the posterior surface, more accurately 
than do leads I and III. In lead I a state of 
negativity at the left arm may be obscured by the 
subtraction of a greater state of negativity at the 
right arm. The T wave is, therefore, inverted in 
lead VL in anterior infarction more often than in 
lead I. In lead III the reverse occurs. VL, facing 
the tail of the wave, will have positive deflections 
and this, when subtracted from the negative deflec- 
tions obtaining at the left leg, will cause lead III 
to have more pronounced changes than VF. 

The difficulty with the unipolar method is the 
time required to take a twelve lead electrocardio- 
gram. It is hardly practicable for general use. 
We have found that three chest leads give a reason- 
ably accurate picture if they are varied according to 
circumstances. Thus, V 2, V3, and V 4 will register 
the changes of infarction if the heart is not enlarged. 
If enlargement is present, it is better to bracket the 
apex: thus V 4 and V 5 may be used or, if enlarge- 
ment is gross, V5 and V6. When right-sided 
hypertrophy or right branch block is suspected, 
V1 is more appropriate than V2. In left-sided 
hypertrophy the S wave is usually deeper in V 2 
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than in V1. Further experience will probably 
suggest better combinations of leads. It has been 
suggested (Goldberger, 1942) that unipolar limb 
leads may come to supplant the standard leads. 
Although this is possible, it seems certain that it 
must be a long time before the knowledge which has 
been accumulated regarding the standard leads can 
be safely discarded. 


CONCLUSIONS 


A series of 300 twelve lead electrocardiograms 
taken with the unipolar method devised by Wilson 
have been analysed. 

Left ventricular hypertrophy has been diagnosed 
from the precordial leads in 90 per cent of those in 
whom it was judged to be present on other grounds. 
Left axis deviation was present in half of these cases. 

Right ventricular hypertrophy causes characteristic 
changes in leads to the right of the precordia, but 
a considerable amount of hypertrophy is needed 
to produce them. 

In bundle branch block it is almost always possible 
to determine the side of the lesion. Left branch 
block has sometimes been shown to be present by 
the precordial leads, although the standard leads 
suggested a right-sided lesion. 

Anterior infarction can be divided into antero- 
septal and antero-lateral types. The combination 
of anterior infarction and a right branch block, due 
to involvement of the septum, is clearly shown. 

The unipolar method avoids the distortion that 
occurs in a proportion of cases when bipolar leads 
such as CR and CF are used. Unipolar leads are 
preferable when multiple precordial leads are 
employed. 


We wish to thank Mrs. Glynton, formerly cardio- 
grapher to the hospital, for help in the preparation of 
this paper. 
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Temporal arteritis was first described as a separate 
syndrome by Horton, Magath, and Brown in 1932. 
The clinical features of headache associated with 
inflamed and tender temporal arteries, the histo- 
logical appearance of excised portions of these 
arteries, and the apparently self-limited course of 
the disease led them to suggest that this was a new 
clinical entity. Since then about forty cases have 
been recorded and in an excellent résumé of these, 
which included seven of their own, Cooke, Cloake, 
Govan, and Colbeck (1946) have produced clinical 
and pathological evidence to support their view 
that temporal arteritis is a generalized vascular 
disease that is distinct clinically and pathologically 
from thrombo-angiitis obliterans and _periarteritis 
nodosa. They point out that the characteristic 
clinical features are anorexia, loss of weight, joint 
and muscle pains, pyrexia, painful arterial throm- 
bosis, and severe headaches occurring in elderly 
patients; and that at least half so far reported have 
had visual disturbances leading in many instances 
to complete loss of sight. In two cases a charac- 
teristic histological picture was noted in all the 
main arteries of the body including the aorta and 
coronaries. 

Since 1931 I have had three patients with the 
disease, under observation. Details of the first 
were published previously in a paper by Jennings 
(1938). Of the other two described here, one 
suffered from severe angina of effort in addition to 
characteristic signs and symptoms, and died in a 
typical attack of coronary thrombosis. In other 
respects all three were remarkably similar. 


CASE NOTES 

Case 1.—A man, aged 68, who until the age of 
65 had worked as a farmer, was sent to me on 
December 4, 1945, for severe temporal headache. 


In 1942 he began to suffer from pain in the 


middle of the chest on exertion which passed off 


when he rested. This gradually grew more severe 
so that he was forced to give up work, and by 
October 1945 he could not walk more than 200 
yards without resting. The pain was gripping in 
character and when severe tended to radiate all 
over the chest and up into the neck. It was worse 
in cold weather but did not come on apart from 
effort. At the end of October he developed a pain 
in the left temple. This was stabbing in character 
and in a few days became extremely severe. At 
the same time he noticed that the “ veins *’ in his 
temple got quite thick and his head felt ‘* wooden.” 
The pain came on in bouts which would sometimes 
last all day or night, and was at times ‘* almost 
unbearable.’ At the end of a week the same trouble 
came on in the right temple with similar severe pain 
and the ‘veins’? there became swollen. The 
condition in both temples continued with varying 
severity until I saw him on December 4, when the 
frequency and duration of the attacks had some- 
what lessened. 

In the past he had had no serious illnesses but 
had suffered from *‘ rheumatism ”’ in the shoulders, 
back, and thighs, for some years which had become 
worse. He had lived a strenuous life as a farmer in 
the Fens and smoked and drank moderately. 
His father died suddenly at the age of 56 and his 
mother died in her sleep at 70. He thought that 
his grandparents had lived to a good age and there 
was nothing else significant in the family history. 

On examination, the temporal arteries on both 
sides appeared swollen, tender and tortuous, and 
there appeared to be a good deal of periariterial 
swelling. There was some redness of the skin in 
places over the right temporal artery. The occipital 
arteries were not affected. Pulsation in the arteries 
was very slight or absent. The radial and brachial 
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arteries showed very slight thickening and _ tor- 
tuosity. The optic discs did not show any abnor- 
mality. A localized systolic murmur was audible 
at the apex, in all positions, but the heart sounds 
were otherwise normal. Cardioscopy did not show 
any enlargement. The cardiogram was normal and 
the Wassermann reaction on the blood negative. 
The urine was normal. The blood count did not 
show any change except a leucocytosis of 10,500 
with 76 per cent polymorphs. The movements of 
the back and joints were fairly free for a man of his 
age and type, and the other systems appeared 
normal. 

Progress —During the next fortnight the attacks 
of pain in the head gradually became less severe 
and frequent, the swelling of the temporal arteries 
almost subsided and the tenderness and redness 
disappeared but pulsation was still difficult to 
detect. By May, his headache had completely 
gone but the pain in his chest was more severe and 
brought on even by shaving. His general condition 
had deteriorated and he had lost 16 pounds in 
weight in four months. Some tortuosity and 
periarterial thickening of the temporal arteries 
remained but the tenderness had gone. The 
cardiogram was unchanged. During the summer of 
1946 his general condition improved considerably, 
he gained weight and the pain in his chest grew less 
severe and he was able to walk about a little. He 
died in September a few hours after what appeared 
to be a typical attack of coronary thrombosis. 

Case 2A man, aged 64, was admitted to 
Addenbrooke’s Hospital on January 18, 1938, for 
pain in the head and fever. In October 1937 he 
developed pains in the back of the neck, shoulders, 
left elbow and legs, which he attributed to working 
in a damp place. These pains persisted inter- 
mittently and especially affected his left hand so 
that he found he had difficulty in holding his tools. 
A few weeks after the onset, pains in his forehead 
came on, gnawing and aching in character, lasting 
for 4-5 hours at a time, and made worse by move- 
ment. He also found that he could not see clearly 
to read and that a bright light would bring on a 
throbbing pain behind the eyes. These symptoms 
persisted until he was admitted. 

In the past he had pleurisy and pneumonia about 
1920 and an attack of bronchitis in 1935. He had 
been subject to winter cough and attacks of bron- 
chitis almost all his life. Born and bred in Cam- 
bridge, he had worked as a joiner, was teetotal and 
smoked about four ounces of tobacco a week. 
His father and mother both died of “* old age”’ at 
the ages of 65 and 70 respectively. Two sisters and 
One brother were alive and well and there was 
nothing significant in the family history. 
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He was rather thin (weight 8 st. 3 lb.) and looked 
his age. His temperature was 99°F. and _ his 
pulse rate 100. He complained of severe gnawing 
pain in both temporal regions and to a lesser 
extent in the shoulders, left arm, back, and legs. 

The temporal arteries on both sides appeared 
swollen, tender, and tortuous, with small nodules 
along their course. Palpation gave a sensation of 
periarterial thickening and in places there was 
actual reddening of the skin over the line of the 
artery. The occipital arteries on both sides were 
similarly affected. He said that the swelling of his 
arteries had developed since his illness began. 
The rest of the cardiovascular system did not show 
any gross abnormality. There was slight tortuosity 
of the radial and brachial and slight narrowing of 
the retinal arteries. The blood pressure was 
130/90. Radiologically the heart was not enlarged. 
No evidence of disease was found in the other 
systems. Movements of the spine were free. 
The urine was normal. X-ray of the cervical 
region showed some osteoarthritis of the spine. 
X-ray of the skull did not show any abnormality. 
The blood urea was normal, the Wassermann 
reaction negative and the blood count normal but 
for a leucocytosis of 13,800. 

Progress.—After admission he ran in intermittent 
temperature of 100-101 occasionally rising to 102 
for four weeks which then gradually settled. At the 
same time the pains in the head, the eye symptoms, 
and the redness of the skin and swelling around the 
arteries gradually subsided and his other pains also 
cleared up. On discharge his general condition 
also was very much better. In February 1939 he 
was seen again and all his symptoms and signs had 
disappeared except for slight tachycardia. He 
remained in fair health until the following December 
when he developed a severe attack of bronchitis 
from which he died in January 1940. 

Case 3.—An unmarried woman, aged 72, was 
under my care in Addenbrooke’s Hospital in 1931 
and was reported by Jennings (1938). She showed 
identical asymmetrical signs and symptoms in the 
temporal arteries, which lasted for about four 
months and then cleared up. While she was in 
hospital for five days her temperature varied 
between 99-100. She had a moderate degree of 
arteriosclerosis but no other evidence of disease. 
After she had recovered, she was able to live a quiet 
life at home appropriate to her age for two years 
until she collapsed suddenly one afternoon and 
died in a few hours. 

No autopsies could be obtained. 


COMMENT 
These three patients all presented a strikingly 
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similar clinical picture which agrees in all essential 
points with other descriptions of the disease. The 
age of onset was between 65 and 72, and the symp- 
toms and signs produced by involvement of the 
temporal arteries were almost identical and ran a 
similar course lasting from four to six months. 
All three showed evidence of arteriosclerosis in the 
radial and brachial arteries and two died suddenly 
from cardiovascular accidents. In addition to the 
severe symptoms arising from the temporal arteries 
in all three and from the occipital arteries in one, 
the following symptoms were also noted. Pain 
in the back and limbs in 2, fever in 2, weakness of 
the arm in 1, blurring of vision in 1 and marked 
loss of weight in 1. The association with angina 
of effort may have been a coincidence but Cooke 
found changes in the aorta and coronary arteries 
similar to those in the temporals. 

In the majority of cases the key to the diagnosis 
has been severe headache leading to the discovery 
of involvement of the temporal arteries. If the 
characteristic picture is known, the diagnosis can 
be made on clinical grounds alone in the more 
obvious examples. In those that are more obscure 
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it is important to remember the less obtrusive 
symptoms and signs so that they will be recognized 
even when the arteries of the scalp are not signally 
involved. 

More cases should be published in order that 
the condition may be widely recognized and more 
may be learned about its protean manifestations. 
Robertson (1947) has recently described four more 
which he has observed in a single year. The fact 
that so many have been described since it was [irst 
noted and that some observers in different countries 
have each been able to collect several, suggests that 
it may be a good deal less rare than is supposed. 
More, too, has to be learned about prognosis which 
is difficult to assess in patients of this age. At 
present the general verdict is that it is good as far as 
the local condition in the temporal arteries is con- 
cerned, for this tends to clear up in about a year 
whatever treatment is given. It is not yet so clear 
how far extension of the process to other more vital 
arteries may be responsible for deaths such as 


occurred in these three patients and a follow-up of 


more cases is needed, supported by full post-mortem 
examination. 
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his is the record of a case of hypertension start- 
ing in childhood and leading to death from heart 
failure at the age of 24. There is strong presumptive 
evidence that the hypertension was preceded by 
occlusion of the main renal arteries. 


Case REPORT 

lrene H., single, aged 24 years, was admitted to 
hospital on January 1, 1947, with severe heart 
failure. 

Family History.—Her father suffered from asthma 
and was killed at the age of 26. One brother was 
killed in the Second World War. The mother and 
three sisters are alive and well. 

Past History.—When aged 4, she had an operation 
for intussusception; a gland was removed and a 
diagnosis of mesenteric tuberculosis was made. 
When 8, she had diphtheria with no complications. 

Present History.—At the age of 13, when running 
in a race, she became unduly breathless and on 
examination was said to have an “ enlarged heart.” 
Soon after this she was diagnosed as having pul- 
monary tuberculosis on some shadowing in the lung 
fields, and was treated in a sanatorium for six 
months. An X-ray taken at this time showed 
cardiac enlargement and pulmonary cedema (Fig. 1). 
She remained afebrile throughout and the sputum 
was never positive for tubercle. An X-ray four 
months later showed lungs *‘ much clearer’; the 
heart was unchanged. She remained under observa- 
tion by the Tuberculosis Officer for the next four 
years. On several occasions heart sounds were 
noted as loud and ringing but there was no record of 
the blood pressure. Her doctor states that for the 
last six years he has treated her for recurrent attacks 
of left ventricular failure and recently for congestive 
failure as well. Ten days before admission to 
hospital she developed a ‘cold,’ followed by 
increasing dyspnoea. 

Examination.—Pale and orthopneeic, venous pul- 
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sation in the neck and visible pulsation in the 
brachial arteries. No clubbing of the fingers. 
Pulse 120, regular, very small volume. Apex beat 
16 cm. from the mid-line, heaving. First sound at 
the apex loud; aortic second sound very loud and 
an aortic diastolic murmur audible at the second 
right costal cartilage. Triple rhythm present due 
to the addition of a fourth heart sound. Blood 
pressure 210/100 mm. Harsh breath sounds with 
diffuse rhonchi over the right lower lobe, and coarse 
crepitations at both bases. Liver enlarged 5 cm. 
below costal margin; moderate oedema of the 
ankles and over the sacrum. Retinal arteries 
narrow and bright; no hemorrhages or exudate. 
The urine contained a trace of albumin and the 
deposit showed occasional epithelial cells only. 

A radiograph showed considerable enlargement 
of the left ventricle, diffuse dilatation of the aorta 
with some calcification in the aortic knuckle, and 
patchy pulmonary oedema (Fig. 2). 

An electrocardiogram showed left ventricular 
preponderance with R-T depression and T wave 
inversion in leads I and CR7, a diphasic T wave in 
lead II and R-T elevation in lead III, and a biphasic 
P wave in lead III. 

Renal function: blood urea, 70 mg. per 100 ml.; 
urea clearance (1) 37 ml. 3-3 per cent urea; standard 
clearance 68 per cent; (2) 12 ml. 3-4 per cent urea; 
standard clearance 40 per cent. 

Blood count: R.B.C., 3:99 million per c.mm. 
Hemoglobin 82 per cent, colour index 1-0, W.B.C., 
12,000 per c.mm. Wassermann reaction (+). 

Progress ——Under treatment by complete rest, 
oxygen, digitalis, and mercurial diuretics she showed 
some temporary improvement, and the cedema of 
the legs disappeared. Twelve days after admission 
she died suddenly. 


NEcROPSY REPORT 


The body of a thin, but not emaciated, young 
woman of medium height showing engorgement of 
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Fic. 1.—Radiograph at age of 13 showing left ventricular 
enlargement and pulmonary cedema involving upper 
and mid zones (August 23, 1936). 


the veins of the neck and cyanosis of lips and ears. 
Slight cedema at the ankles, no ascites; no jaundice 
or clubbing of fingers. Nothing in the facies to 
suggest congenital syphilis. 

The abdominal cavity contains about 100 ml. of 
clear straw-coloured fluid. Both pleural cavities 
contain about 200 ml. of clear fluid; no adhesions. 
The pericardial cavity contains about 20 ml. of 
clear yellow fluid, and there are fine adhesions 
between the anterior aspect of the left ventricle and 
the parietal pericardium, of fairly recent origin. 

The mouth shows no noteworthy change, tonsils 
not enlarged, no abnormalities of the teeth. The 
trachea and bronchi contain frothy cedema fluid; 
cesophagus appears normal. 

The heart (Fig. 3) is much enlarged and weighs 
890 grams. There is great left ventricular hyper- 
trophy, and moderate hypertrophy with considerable 
dilatation of the other chambers. Thickness of 
right auricle, 2 mm.; right ventricle, 8 mm.; left 
auricle, 4 mm.; left ventricle, 24 mm.; circum- 
ference of orifice of pulmonary artery, 7°-5 cm.; of 
tricuspid valve, 12 cm.; of mitral valve, 8-5 cm.; of 
aorta at origin, 12-5 cm. The right heart showed 
the greater dilatation. Both auriculo-ventricular 
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Fic. 2.—Radiograph at age of 24 showing left ventricular 
enlargement, aortic dilatation, and patchy pul- 
monary oedema (January 9, 1947). 


valve rings are dilated; valve cusps normal. The 
pulmonary valve cusps appear normal. The pul- 
monary artery shows a few small atheromatous 
patches. The left auricle is dilated. The left 
ventricle is greatly hypertrophied, there are a 
number of old fibrous scars in the myocardium, 
and an area of fibrous infarction lying anteriorly 
towards the apex. The aortic valve cusps show 
slight rolling of the free margins of the cusps and 
some fibrous thickening, without separation of the 
commissures. The coronary arteries are consider- 
ably dilated, tortuous, thickened, and show intimal 
calcification. The first part of aorta is generally 
dilated beyond the sinuses of Valsalva, where the 
diameter is 12-5 cm. Throughout its length, the 
aorta shows patchy intimal thickening, with calc'!i- 
cation, and linear scarring associated with athcro- 
sclerosis, the whole intima being covered by plaques, 
some calcified and many ulcerated with small 
thrombi upon them. In addition to these generalized 
lesions of the intima, there are two curious lesions 
that appear to have arisen as dissecting aneurys! 

The first of these is situated in the thoracic porti: 

4:5 cm. distal to the origin .of the innomin: 

artery, and consists of a crescentic fold in the wa! 
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SYPHILITIC 


concavity downwards, lined by intima. There 
appears to have been a cleavage in the wall of the 
aorta occurring after the manner of a dissecting 
aneurysm, which has become arrested and subse- 
quently lined by intima. 

The second lesion, situated 4 cm. below the 
diaphragm in the abdominal aorta, is an aneurysmal 
swelling 4-5 cm. in length and 3 cm. in diameter, 
presenting anteriorly, and communicating with the 
aortic lumen by two orifices, separated from one 
another by a bridge of aortic tissue. The appear- 
ance is that of a dissecting aneurysm which has 
re-cntered the aorta just below its origin. Just 
above the bifurcation, the aorta shows a gross 
fusiform aneurysmal dilatation. The common iliac 
vessels are both much dilated to form fusiform 
aneurysms the walls of which are lined by adherent 
laminated blood clot. 

At the orifices of the renal arteries, the aorta is 
grossly distorted by scar tissue, so that the renal 
vessels appear to be lying in small funnel-shaped 
depressions (Fig. 4). Both renal vessels are fibrous 
throughout the greater part of their length, and 
their lumina are reduced to a pinpoint or small slit 
lying to the side of the vessel, so that there must 
have been extreme reduction of renal blood flow 
during life. The carotids, innominate, coeliac axis 
and its main branches, and superior mesenteric 
artery all show great intimal thickening and scarring 
with general dilatation of the lumina. 

The lungs show considerable oedema and chronic 
pulmonary congestion. There is no evidence of 
tuberculosis. The liver is slightly enlarged, dark 
red on section and shows acute venous congestion. 
The gall bladder and bile ducts are normal. The 
pancreas is healthy and the adrenals are normal. 

The left kidney is smaller and narrower than the 
right; weight 150 g., length 11 cm., width 5-5 cm., 
thickness 3-5 cm.; cortex 4 mm.; medulla 16 mm. 
Right kidney, weight 180 g., length 10-5 cm., width 
7 cm., thickness 4 cm.; cortex 6 mm., medulla 
16mm. In both kidneys the capsules strip readily, 
leaving a perfectly smooth surface. There is no 
undue prominence of the intra-renal vessels. The 
main renal arteries show occlusive lesions as already 
described. 

The renal pelves, ureters, and bladder appear 
normal. The uterus and adnexe are normal. The 
Stomach and intestines show no_ macroscopic 
lesions. Cranial cavity not examined. 


HISTOLOGY 
Aorta.—The adventitia shows a diffuse plasma 
cell and lymphocyte infiltration, with cellular 
cuffing of the vasa vasorum. The media shows 
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Fi. 3.—Necropsy specimen showing left ventricular 
hypertrophy, severe syphilitic aortitis, and iliac 
aneurysms. 


much fibrosis and interruption of the elastic fibres. 
The intima is thickened, and calcified in places. A 
similar appearance of syphilitic arteritis is seen in 
the carotid artery on section. 

Renal Arteries. The right renal artery shows 
great intimal thickening at its origin without active 
changes in the media of adventitia and there is no 
atheroma at this point; the lumen is stenosed for a 
distance of 1 cm. and then widens. 

The left renal artery at its origin shows great 
thickening of the intima which reduces the iumen 
to minute proportions. The intimal tissue is loose 
and cellular and infiltrated with lymphcecytes and a 
few plasma cells. There is no active arteritis of the 
media or adventitia, and no evident atheroma in 
either of the sections. 

Kidneys.—Right: glomeruli appear normal, no 
arteriolar hyalinization and no _post-hypertensive 
changes in the interlobular vessels. Tubules show 
post-mortem changes only. Left: similar to the 
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Fic. 4.—Necropsy specimen showing severe aortitis with healed dissection marked by arrow, involvement 
of orifices of renal arteries, and iliac aneurysms containing laminated thrombi. 


right, but there are a very few scattered fibrosed 
glomeruli surrounded by small groups of plasma 
cells and lymphocytes; no arteriolar lesions. 
Pancreas is autolysed and shows conspicuous 
post-hypertensive arteriolar lesions. Lung shows 
chronic venous congestion, with “heart failure 
cells” in the alveoli; no vascular lesions. Liver 
shows acute venous congestion; no arteriolar 
lesions. Adrenals, normal; no arteriolar lesions. 


DISCUSSION 


Several cases showing occlusive lesions of the 
renal arteries associated with essential hypertension 
have been reported, and hypertensive arteriolar 
changes occurred in all organs except the kidneys 
in which the arterioles are protected from the blast 
of high blood pressure by occlusion of the main 
renal arteries. The occlusion was usually athero- 
matous, but occasionally due to other causes. 
Blatt and Page (1939) recorded obstruction of the 
renal arteries by sarcomatous tissue, in a man aged 
38 with hypertension. Leiter (1938) described 





syphilitic occlusion of the renal artery in a woman 
aged 46; and thrombosis of the renal arteries, 
usually secondary to atheroma, has also been 
described (Wolffe and Donnelly, 1942). In our case, 
both renal arteries were almost occluded by intimal 
proliferation from extensive syphilitic arteritis, and 
though atheroma was also present, it was probably 
a secondary lesion. 

It is tempting to explain hypertension associated 
with atheroma of the renal arteries in terms of 4 
reduced blood supply to the kidneys, but such a con- 
clusion must be accepted with caution. Atheroma 
of the renal arteries is by no means uncommon, 
occurring in about 10 per cent of necropsies in 
subjects without hypertension, and it is possible 
that hypertension merely aggravates pre-existing 
atherosclerotic lesions. When renal arterial occlu- 
sion is syphilitic, there is more reason to regard it 
as the cause of the hypertension, and in our case 
this supposition is supported by the fact that the 
renal arterioles showed no hypertensive changes 
whereas the pancreatic arterioles showed them in 
high degree. Hypertension evidently began at 
least 11 years before death, for cardiac enlargement 
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and pulmonary congestion were shown in radio- 
graphs taken at that time. The aneurysmal dila- 
tation of the common iliac vessels and the two 
aneurysmal lesions of the aorta may have been due 
to hypertension superimposed on arteries already 
weakened by syphilitic inflammation. 


SUMMARY 
A case of syphilitic aortitis with aneurysmal 
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lesions of the aorta and common iliac vessels, and 
occlusion of the renal arteries by syphilitic arteritis 
is described. Hypertension was known to have 
been present for many years, and it is suggested 
that it was secondary to renal arterial occlusion. 


We wish to thank Sir John Parkinson for reading this 
report and for his helpful criticism. 
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Although ball thrombus of the heart has always 
been of considerable interest, Abramson in 1924 
was able to collect only 19 reported cases and added 
1 of his own. The condition was first reported in 
1814 by William Wood of Edinburgh in a delicate 
girl of 15: for three years she had been subject to 
progressive dyspnoea on exertion, and began to 
suffer from fainting spells three or four times a day, 
and eventually died in a state of exhaustion. Post- 
mortem, there was a round, firm mass lying com- 
pletely free in the left auricle; the mitral valve was 
greatly thickened and the orifice too small to 
admit the tip of the little finger. In the succeeding 
110 years a further 19 cases were reported, of which 
6 occurred in the British Isles. In the 15 cases in 
which the sex was given, 11 were females and 4 
males, an incidence corresponding to the sex 
distribution of mitral stenosis. Most were in the 
fifth decade of life. Eight of these 20 cases showed 
either transient or permanent disturbance of the 
peripheral vascular system. The site of the throm- 
bus was in the left auricle, except in the case described 
by French (1912) where it was in the right ventricle. 
Since Abramson’s review, a further 12 cases have 
been recorded, 11 associated with mitral stenosis 
and 1 with a normal mitral valve. The thrombi 
have been found in the left auricle, except in the 
case reported by Wright, Flynn, and Druet (1944) 
of a thrombus in the right auricle. Ten of these 
12 patients had interference with the circulation in 
the lower limbs. The details of these cases are 
shown in the table. 

During the same period 4 cases were described 
resembling the condition reported here, but not due 
to ball thrombi. Kaplan and Hollingsworth (1935) 
recorded a case of pedunculated thrombus of the 
left auricle simulating mitral stenosis; post-mortem 
the thrombus occluded a normal mitral valve; there 
was no interference with the peripheral circulation. 
Schiller (1935) reported two cases of subacute 
bacterial endocarditis in which the exuberant 


vegetations on the mitral valve attained a size 


sufficient to produce transient circulatory dis- 
turbances in the limbs. Perry and Davie (1939) 
described a case of symmetrical peripheral gangrene 
in a man, aged 64, with cardiac failure and a blood 
pressure of 175/85. Post-mortem, no valvular 
disease of the heart could be found; there was a 
moderate degree of atheroma of the aorta, but no 
evidence of thrombosis, embolus, or atheroma of 
the iliac, femoral, or popliteal arteries. They quote 
this case in support of Fishberg’s (1938) theory 
that in severe congestive cardiac failure a selective 
vaso-constriction occurs (? reflexly) because of 
extreme diminution in the cardiac output, a small 
amount of blood being distributed to the limbs and 
a large amount to the brain and other important 
centres. In support of his theory, Fishberg quotes 
a case in which, on inserting a cannula into the 
antecubital vein, the venous pressure was under 
1 cm., whereas at the same time the jugular pressure 
was over 20 cm. As the patient improved the 
pressures became equalized. In his view, peri- 
pheral gangrene in general circulatory failure is an 
unfortunate side effect of a valuable compensating 
mechanism. 

The term ball thrombus of the heart is applied toa 
form of ante-mortem thrombus, and the criteria 
for calling a given ante-mortem clot a ball thrombus 
have been variously stated. According to Hewitt 
(1916) ‘* the term ball or oval thrombus of the heart 
should be restricted to those thrombi found on 
post-mortem examination, loose in the heart cavities, 
which are of a round or oval shape and whose 
surface is everywhere smooth and shows no sign 
of a former attachment.” Abramson and most 
other observers prefer to substitute for the last 
part the criteria of Welch (1899), viz., (a) entire 
absence of attachment with consequent free mobility; 
(b) imprisonment in consequence of an excess of 
the diameter of the thrombus over that of the first 
narrowing in the circulatory passage ahead of it; 
(c) such consistency and shape that the thrombus 
must not of necessity lodge as an embolus in the 
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BALL THROMBUS OF THE HEART 


TABLE OF SOME DETAILS OF REPORTED CASES OF BALL THROMBUS 








Cente | teen Other dis- 
Sex, age, and Clinical course ton oe pe turbances Final anatomical 
author and symptoms size, and weight Gites nao diagnosis 
F, 53, Potter 23 years dyspnoea. | L.A. Spherical | Gangrene of both) Infarcts of spleen | M.S. (buttonhole) 
| Thyrotoxicosis. 48 g. | legs and kidneys | Ball thrombus 
A.F. | 160/100 
F, 55, Covey, Crook, 4 years dyspnoea; | L.A. Spherical | Gangrene R. leg | Infarcts of kid- M.S. (button- 
and Rogers 6 months swelling | 16 g. | neys 165/90 hole) Ball 
of ankles. A.F. thrombus 
F, 44, Schwartz, and | Palpitation 10 L.A. Pyramidal | Gangrene R. leg | ? 190/90 M.S. Ball 
Biloon, Case 1 years. A.F. thrombus 
F, 42, Schwartz and | Cardiac failure 2 | L.A. Spherical | Attacks of pallor | Nil 190/110 M.S. Ball 
Biloon, Case 2 years. A.F. one | in R. leg—gan- thrombus 
month grene 
M, 62, Schwartz and| Cardiac failure 2 | L.A. Cylindrical | Gangrene of both) ? 140/80 Ball thrombus. 
Biloon, Case 3 months. A.F. legs. Attacks of No M.S. 
cyanosis lead- 
ing to gangrene 
of R. hand 
F, 52, Elson Precordial pain 8 | L.A. Oval Attacks of pallor | Old infarcts in | Buttonhole M.S. 
years. A.F.3 40-5 cm. and_ coldness | spleen and kid- | Ball thrombus 
years of both lower neys 230/80 
limbs. Weak- 
ness of R. radial 
pulse 
F, 43, Aronstein Dizzy spells 5 | L.A. Spherical | Nil Infarcts in spleen. Ball thrombus. 
and Neuman years. Dyspnoea 3-5 cm. in dia- B.P.? | M.S. 
and cyanosis of | meter 
| face 2 days 
F, 48, Garvin, Case | Faints for several | L.A. Spherical | Gangrene of both Infarcts of spleen) M.S. Tricuspid 
l years. After D.| 3 cm. in dia- | legs and kidneys. stenosis. Ball 
| and C. developed | meter B.P.? thrombus. 
A.F. and gan- | | Embolism 


grene of R. foot 
and calf. No 
pulse in L. foot 


F, 86, Garvin, Case | Faints 2 years. L.A. Spherical | Gangrene of R. | Thrombosis of R.| Coronary 
2 A.F. Blackening | 2:2 cm. dia-| foot femoral and sclerosis. M.S. 
of R. foot for 2 | meter popliteal Ball thrombus 
| days | arteries. B.P.? 
M, 46, Garvin, Case | Hemiplegia and! L.A. Oval Nil Infarcts in spleen,, M.S. Ball 
3 cardiac failure. 2 cm. in dia- | kidneys, lungs, thrombus 
Sudden —_ death. meter and brain. 
A.F. B.P.? 
F, 33, Spain Cardiac asthma. L.A. Spherical | Gangrene of Infarcts of R.| M.S. Ball 
Transcient vascu- | 3 cm. in dia- | limbs lung and both | thrombus 
lar phenomena in | meter kidneys 
limbs leading to 
gangrene. Regu- | 
lar rhythm 
M, 47, Wright, Dyspnoea 24 years. | R. auricle. Pulsation of neck! Infarcts of left | M.S. Tricuspid 
Flynn, and Druet | Failure for 6/12. | Spherical 6-8 | veins, occasion-| kidney, spleen, regurgitation. 
Hemiplegia. cm. in diameter} ally of saphen-| and mesenteric | Ball thrombus 
ous veins artery. Pontine | in R. auricle 
hemorrhage 
100/90 





ABBREVIATIONS :— 
A.F. =Auricular fibrillation. L.A. =Left auricle. M.S. = Mitral stenosis. 


passage. The cases reported by Abramson and _ cases recorded in England, the case described below 
those described in the table all appear to fulfil the was considered worth recording. Although pre- 
criteria laid down by Welch. senting most of the characteristics of the syndrome, 
In view of its rarity and the comparative paucity of it also showed certain unusual features. 
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Case HIsTORY 

A woman, aged 50 years, was admitted to hospital 
on December 29, 1946, her chief complaints being 
blueness and coldness of the legs and an inability 
to move them. She had chorea at the age of 13, 
and was in bed for about a year, but never had acute 
rheumatic fever. Subsequently, she led an extremely 
active life, played outdoor games and, during the 
late war, worked hard in a canteen. She was 
married, but had no children. A fortnight before 
admission, after a long day out, she noticed for the 
first time that she was a little short of breath and 
had slight swelling of her ankles. She stayed in 
bed and was digitalized by her doctor. Her 
dyspnoea and cedema subsided and on Christmas 
Day she was allowed up for lunch. In the after- 
noon she walked upstairs and was suddenly seized 
with a violent pain around her umbilicus. She was 
sick once and later passed several tarry motions. 
The abdominal pain gradually disappeared. Shortly 
after vomiting she had severe pain in both legs, the 
right worse than the left; with the pain the legs 
became numb and cold. At first they were white, 
but later they turned blue. The blueness and 
numbness persisted but the pain gradually dis- 
appeared. 

On admission her lips and cheeks were slightly 
cyanosed and a little dyspnoea was present. The 
cervical veins were distended to a height of two 
inches above the clavicle with the patient upright. 
Clinically, there was no enlargement of the heart, 
which was fibrillating at a rate of 60; an apical 
systolic murmur was heard, but no diastolic murmur. 
The blood pressure in the right arm was 170/110; 
it could not be recorded in the left. Examination of 


the lungs revealed no abnormality. The central - 


part of the abdomen was tender on palpation, but 
there was no rigidity. Her hands were blue and 
cold, although the pulses were palpable and of 
fairly good volume. The right leg was blue and 
cold to just above the knee, where a sharp line of 
demarcation was present, but above this level it was 
pink and warm. The toes showed dry gangrene. 
The femoral pulse was palpable; popliteal pulsation 
was absent and pressure over the origin of the 
profunda femoris artery was painful. No volun- 
tary movement was possible and the affected part 
of the leg was anesthetic. The left leg was blue 
and cold to just above the ankle and gangrene of the 
toes was commencing. Again the femoral, but 
not the popliteal, pulse was palpable. Slight 
voluntary movement of the foot and toes was 
possible and there was no anesthesia. Half-an- 
hour after admission the circulation in the hands 
had returned to normal—they were quite pink and 
warm—but there was no change in the legs. The 
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following day she again developed a transient 
cyanosis and numbness of the hands. The upper 
margin of the cyanosis of the right leg had decreased 
to just below the knee. The patient was seen at this 
stage by my colleague, Dr. Goldstein, who suggested 
that she might be suffering from a ball thrombus 
of the left auricle. The urinary output was very 
difficult to estimate because of incontinence: a 
catheter specimen showed a heavy trace of protein, 
occasional pus cells and red cells, occasional hyaline 
casts, and amorphous phosphates. Unfortunately, 
an electrocardiograph could not be performed as 
the apparatus was being repaired. On December 31 
she was becoming very drowsy and passing prac- 
tically no urine. The blood urea was 300 mg. 
per 100 ml. The following day her condition 
continued to deteriorate and she died in the evening. 


Post-MoRTEM EXAMINATION 

This was performed on January 2, by Dr. A. M. 
Bodoano. There was gangrene of the right foot 
which spread up the leg to just below the knee as a 
reddish-purple discoloration. This discoloration 
was also present in the left foot and extended about 
three inches above the ankle. 

Thorax. There was no free fluid in the pleural 
cavities or pericardium. The heart was greatly 
enlarged, and weighed about 500 g. As the left 
auricle was opened, a firm ovoid mass fell out : it 
was covered by velvety fibrin which, when washed 
off, left behind a perfectly smooth ovoid clot. 
There was no sign of any point of attachment to the 
auricular wall and it appeared to be quite free in the 
auricle (Fig. 1 and 2). It weighed 23 g. after fixa- 
tion in formol saline. Section of the clot showed it 
to be of uniform structure and unlaminated. The 
right auricle was dilated and its wall thinned. The 
right ventricle was hypertrophied, its wall being 1:0 
cm. in thickness. The wall of the left auricle was 
stretched and thinned and was everywhere smooth, 
showing no sign of any previous attachment of the 
thrombus. The wall of the left ventricle showed a 
concentric hypertrophy, the average thickness of 
muscle being 1:8 cm. The mitral orifice was 
stenosed, just admitting the tip of the index finger 
and had the “ button-hole ” type of deformity; the 
orifice was 2:5 cm. in length and a mere slit in 
breadth. The cusps were greatly thickened and 
partially calcified; the chorde tendinie were 
adherent. The tricuspid, pulmonary, and aortic 
valves, and the coronary arteries were normal. The 
wall of the thoracic aorta was perfectly smooth. 
The lungs were cedematous but showed no sign of 


infarction. There were no thrombi in the pul- 
monary vessels. 
Abdomen. The peritoneal cavity contained a 
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Fic, 2.—Ball thrombus in situ. 
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Fic. 3.—Dissection of abdominal aorta, renal 
arteries and kidneys and spleen, to show thrombi 
in situ and infarction of viscera. 
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little blood-stained fluid and there was a patchy 
discoloration of the surface of the intestine. The 
stomach was normal. There was an acute ulcer 
in the duodenum with attached blood clot, one inch 
from the pylorus. The small intestine was filled 
with old blood. The superior mesenteric artery 
was thrombosed and had infarcted the jejunum and 
proximal ileum. The liver showed slight chronic 
passive venous congestion. The spleen had 
numerous recent infarcts. The pancreas was normal. 
The right kidney showed a number of large infarcts, 
and a small clot was present at the mouth of the 
renal artery. The left kidney was almost com- 
pletely infarcted by a large ante-mortem clot 
extending from the mouth of the renal artery into 
the kidney substance (Fig. 3). 

The descending aorta, right iliac, femoral, and left 
profunda femoris arteries contained ante-mortem 
clot: these adequately explained the gangrene of the 
legs. The brachial arteries were tightly contracted 
and on longitudinal section showed a sand-papery 
appearance of the intima. No thrombi were found 
in the arteries of the upper limb. Histological 
examination of the subclavian artery showed intimal 
fibrosis and atheroma. There was no sign of any 
infarction of the brain. 

The anatomical diagnosis was therefore chronic 
rheumatic endocarditis leading to mitral stenosis 
and auricular fibrillation; free ball thrombus of the 
left auricle; embolic phenomena in the spleen, and 
thrombosis of the renal, superior mesenteric, left 
profunda femoris, and right common iliac and 
femoral arteries; acute duodenal ulcer, and melena. 


DISCUSSION 
The case described differs from most of those 
previously recorded in several aspects. Firstly, in 
the short history, only three weeks, of any symptoms 
referable to the cardiovascular system. The majority 
of cases had several years history of dyspnoea and 


palpitation. Secondly, in the occurrence of an 
acute duodenal ulcer and melena. It is interesting 
to speculate how long a ball thrombus could be 
present in the auricle without producing symptoms, 
This clot, although not laminated on section, must 
have been present for a period considerably longer 
than three weeks. In only one of the later cases 
of Abramson’s series is the occurrence of auricular 
fibrillation specifically mentioned. In cases sub- 
sequently reported, however, auricular fibrillation 
was present in all but one. Unfortunately, the 
date of onset of auricular fibrillation in this patient is 
not known, but it is likely to have been at the onset 
of her dyspnoea and slight cedema. The onset of 
auricular fibrillation may therefore act as a pre- 
cipitating factor for the development of symptoms 
from a ball thrombus. 

The criteria for the diagnosis during life of a ball 
thrombus of the heart are still the same as those laid 
down by Battistini (1908), who based the diagnosis 
on the following sequence of symptoms: signs of 
mitral stenosis, disturbance of the general cir- 
culation, entire debility of the pulse, and the presence 
of gangrene of the lower extremities. It is note- 
worthy that in the series analysed here gangrene of 
the extremities was present in 8 of the 13 patients 
with ball thrombi, one of whom had a clot in the 
right auricle. 


SUMMARY 


A case is described of ball thrombus of the left 
auricle associated with mitral stenosis, disturbance 
of the peripheral circulation leading to gangrene 
of the legs, and acute duodenal ulcer. 

The cases occurring since Abramson’s paper in 
1924 are reviewed. 


I am grateful to Dr. M. Mitman, Medical Super- 
intendent of the River Hospitals, Dartford, for much 
help and criticism in the preparation of this article and 
for permission to publish the case. 
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We have used the term mass thrombus to describe 
a clot that forms in the left auricle during life and 
by reason of its large size or its peculiar location 
impedes the flow of blood through the mitral 
orifice. In this paper we examine the clinical 
and pathological findings in six cases of mass 
thrombus with the object of discovering a symptom 
or sign that would simplify the diagnosis. 


CASE REPORTS 


Case 1. Female, aged 45. Two months before 
admission and while in bed she was suddenly seized 
with a gripping pain across the front of the chest 
and shoulders; she felt a sense of constriction of the 
chest with shortness of breath which lasted an hour. 
Since then she had complained of retrosternal pain 
on exertion such as walking, and it abated on resting. 
Besides the pain there was dyspneea and swelling of 
the ankles on occasion. 

On examination there was slight cyanosis, disten- 
sion of cervical veins, crepitations over the lung 
bases, and oedema of the ankles. The pulse was 
irregular from auricular fibrillation, and the blood 
pressure was 110/80. The apex beat was displaced 
to the left, and a mid-diastolic murmur was heard. 
Response to digitalis was satisfactory, but three 
weeks after admission to hospital there was sudden 
severe breathlessness and she died within a few 
minutes. 

At necropsy the right ventricle was slightly 
hypertrophied and the left auricle moderately 
dilated. There was severe mitral stenosis, and a 
spherical and unattached thrombus was found to 
have lodged in the mitral orifice (Fig. 1). The 
thrombus measured 3 cm. in diameter, and it had 
undergone central liquefaction. The other valves 
were normal. Atheroma of the coronary arteries 
was slight and insignificant. There was slight 
atheroma of the pulmonary arteries, and pulmonary 
embolism was excluded as a cause of sudden death. 
There was old and recent infarction of the spleen and 
the left kidney. 


Case 2. Female, aged 40. Mitral stenosis had 
been discovered during pregnancy twelve years 
before. For ten years she had been short of breath 
on exertion. Femoral embolism had _ occurred 
seven years before, and the following year she began 
to have pain in the chest. The first attack happened 
at rest after a day of heavy work; she was suddenly 
seized with severe retrosternal pain which radiated 
into the left arm as far as the elbow and lasted until 
an injection of morphine was given five hours later. 
Cardiac infarction was suspected, but the electro- 
cardiogram was normal. Since then there had been 
four similar episodes at rest, the pain lasting up to 
twenty-four hours on each occasion and requiring 
morphine. In addition to these unexpected attacks 
she complained of retrosternal pain which some- 
times spread into both arms and came on during 
exertion; it was relieved instantly by rest. For 
five years there had been palpitation on occasion as 
well as shortness of breath, while embolism of the 
right foot had also occurred. During the past 
twelve months her general condition had become 
worse, and four months before she died it had been 
necessary to admit her into hospital on account of 
heart failure. 

On examination she was short of breath, the neck 
veins were distended, but there was only slight 
cyanosis. Enlargement of the liver was accom- 
panied by ascites and much cedema of the ankles. 
The pulse was irregular from auricular fibrillation, 
and the blood pressure was 190/105. Systolic and 
mid-diastolic murmurs were heard in the mitral 
area. Response to digitalis and a mercurial 
diuretic was unsatisfactory, and her condition 
gradually deteriorated with increasing dyspnoea. 
She died suddenly whilst writing a letter. 

At necropsy there was moderate hypertrophy 
of the right ventricle and none of the left ventricle. 
There was severe mitral stenosis, and the other 
valves were healthy. The left auricle was 


moderately dilated, and it contained a slightly 
adherent thrombus measuring 7 by 6 by 2°5 cm, 
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Fic. 1.—Mass thrombus (1) in the left auricle (2) occluding the stenosed 


mitral orifice (3). 


There were ante-mortem clots in both auricular 
appendages. The coronary arteries were normal, 
and there was no cardiac infarction. The pul- 
monary arteries showed moderate atheroma. An 
old thrombus was found in the abdominal aorta, 
and there were infarcts in both the spleen and the 
kidneys. 

Case 3. Female, aged 48. For some years she 
had suffered from attacks of palpitation which 
would start and stop abruptly, and which were 
unaffected by quinidine. For the past nine years 
she had complained of retrosternal pain on exertion 
which frequently spread down the left arm and was 
relieved by resting. Occasionally, however, the 
pain might start while at rest and might last two 
days. One such attack had occurred five years 
before when she was in bed, and she was admitted 
to hospital where an electrocardiogram showed 


From Case |. 


paroxysmal auricular tachycardia with 2 to | A-V 
dissociation. She showed systolic and diastolic 
murmurs from mitral stenosis. Digitalis changed 
the rhythm to auricular fibrillation and she remained 
relatively well for the next four years, though still 
subject to retrosternal pain on exertion. During 
the last twelve months of her illness, however, the 
symptoms of heart failure gradually increased. and 
ultimately necessitated her admission to hospital. 
On examination there was slight cyanosis, dysp- 
noea, oedema of the back and ankles, and distension 
of the liver. There were crepitations over the lung 
bases, and auricular fibrillation was associated with 
signs of mitral stenosis. The blood pressure was 
100/70. On the following day she suddenly became 
worse with cold and pulseless extremities, and died 
a few hours later. 
At necropsy there was great dilatation of both 
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FiG. 2.—Mass thrombus (1) in the left auricle (2) in a patient (Case 3) with mitral stenosis. 
The lower end of the thrombus (3) projects through the stenosed mitral valve (4) into 
the left ventricle (5). Lower figure shows the valve from below. 


auricles from severe mitral and tricuspid stenosis. 
The mitral orifice was almost completely occluded 
by a large thrombus (Fig. 2) measuring 4-6 by 2-0 by 
0-8 cm. which was adherent to the auricular aspect 
of the valve. The lower end of the mass was 
spherical with a smooth surface and central soften- 
ing, and projected into the left ventricle. The upper 
end was flat and lay partly free in the left auricle. 
A firmly laminated and partly gelatinous thrombus 





of about the same dimensions was attached to the 
auricular septum over a small area, and a similar 
mass lay in the left auricular appendage. The 
coronary arteries showed only slight atheroma, and 
there was no evidence of cardiac infarction. The 
pulmonary arteries were moderately hypertrophied, 
and showed slight atheroma. Areas of infarction 
were found in the spleen and the kidneys. 

Case 4. Male, aged 31. He had been short of 
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breath on exertion for many years, with swelling of 
the ankles for the past year. During the last two 
months his symptoms had increased, and shortly 
before his admission to hospital he had suffered 
from nocturnal dyspnoea with hemoptysis on one 
occasion; the dyspnoea was relieved by sitting up. 
He had not specially complained of pain in the chest. 

On examination theie was moderate dyspnoea with 
slight cyanosis and cedema, and crepitations were 
present over the lung bases. The liver was 
moderately distended, but there was no ascites. 
The urine contained one-third volume of albumin. 
The pulse was regular, but auricular fibrillation 
supervened on the sixth day. The pulse was less 
readily felt in the right arm. The blood pressure 
was 155/95. The apex beat was displaced as far as 
the anterior axillary line, and both systolic and 
mid-diastolic murmurs were heard in the mitral 
area. He had an irregular pyrexia from the start 
and developed a right-sided empyema. He died 
six weeks after admission. 

At necropsy there was great hypertrophy of the 
right ventricle, and moderate dilatation of the left 
auricle as the result of severe mitral stenosis. The 
left auricle contained a large free thrombus with a 
wavy surface, measuring 8 by 5:5 by 3 cm. In 
addition there were three smaller thrombi. diameters 
0-8 to | cm., which were attached to the left auricular 
wall. The coronary arteries showed very slight 
atheroma. Old and recent infarcts were found in 
the lungs, one of which had become purulent, 
resulting in empyema. 

Case 5. Male, aged 39. Breathlessness had been 
present for many years. Auricular fibrillation with 
transient aphasia had set in six years before, and 
shortly afterwards severe heart failure symptoms 
had supervened. Response to digitalis had been 
satisfactory and he had remained comparatively 
well until his symptoms again increased a few days 
before his admission to hospital. He had not 
complained of chest pain. 

On examination he presented the signs of heart 
failure with auricular fibrillation. The blood 
pressure was 140/95. A mid-diastolic murmur was 
heard in the mitral area. He responded well to 
treatment by rest in bed, digitalis and a mercurial 
diuretic, and after seven weeks he was beginning to 
be allowed out of bed when he suddenly sat up, 
became extremely cyanosed and died in a few 
minutes. 

At necropsy there was moderate hypertrophy of 
both ventricles, and great dilatation of the left 
auricle from severe mitral stenosis. The other 
valves were normal. A laminated thrombus was 


found occupying two-thirds of the left auricle, and 
it was firmly attached to the endocardium over a 
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large area. There was moderate but incidental 
atheroma of the coronary arteries. 

Case 6. Female, aged 41. She had complained 
of palpitation and shortness of breath for five years 
and a year later she had heart failure with auricular 
fibrillation. She improved and remained com- 
paratively well on a maintenance dose of digitalis 
until a few months before her last admission, when, 
in spite of treatment, her symptoms had returned 
with greater severity. She had not complained of 
pain in the chest. 

On examination there was slight dyspniea, 
moderate cedema of the ankles, coldness and 
marked cyanosis of the hands and fingers, and a 
blotchy discolouration of the feet. The pulse was 
irregular from auricular fibrillation, and was less 
easily felt on the right side. The blood pressure 
was 170/120 in the right arm, and 270/120 in the left 
arm. The apex beat was displaced to the left, and 
loud systolic and mid-diastolic murmurs were 
heard in the mitral area. A few crepitations were 
heard at both lung bases. The liver was moderately 
enlarged. There was bilateral papilloedema with 
retinal hemorrhages; and the urine, which had a 
low specific gravity, contained a large amount of 
albumin. + Digitalis and a mercurial diuretic were 
given but there was no improvement. During the 
fourth week cerebral embolism occurred, followed 
by hematuria, oliguria, increasing drowsiness and 
Cheyne-Stokes respiration; the blood urea rose to 
210 mg. per 100 ml. and she died six weeks after 
admission. 

At necropsy there was slight and moderate hyper- 
trophy of the right and left ventricle respectively. 
Both auricles were moderately dilated, and there was 
severe mitral stenosis. The other valves were 
healthy. On opening the left auricle a spherical 
thrombus fell out; the clot was quite unattached 
and measured 4 cm. in diameter, and it had undet- 
gone cystic degeneration. The left auricular append- 
age contained a few small fragments of ante-mortem 
thrombus. There was slight incidental atheroma of 
the coronary arteries. T!. right subclavian artery 
contained an old embolus, and infarction was 
present in the brain, the spleen and the kidneys. 
Histological examination of the kidneys showed 
acute focal interstitial nephritis. 


DEFINITION 


The term ‘ ball thrombus ’’ was used by Wood 
(1814) who described for it the following crite 
absence of attachment to the auricular wall, a 
diameter exceeding that of the passage immediate!) 
ahead of it, and a consistency that does not allow 
it to lodge in that passage. Abramson (1924) in a 
review accepted the original definition, but 
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mentioned the case of Bozzolo (1896) in which a 
large pedunculated thrombus was found at necropsy. 
Hewitt (1916) stipulated that the thrombus should 
have a smooth surface which shows no evidence of 
previous attachment to the heart wall; while Potter 
(1926) pointed out that the smoothness of the 
surface depends on the time the thrombus has 
been free, and accepted Wood’s original definition. 
Elson (1934), Aronstein and Neumann (1939), and 
Garvin (1941) considered that a distinction between 
free and pedunculated thrombi was academic since 
each produced identical symptoms. To avoid 
ambiguity over the terminology of ball thrombus we 
have used the term mass thrombus to include any 
laree thrombus, free or attached, that occupies the 
greater part of the left auricle, as well as any smaller 
thrombus that by reason of its proximity to the 
mitral valve may cause obstruction to the flow of 
blood through the mitral orifice. When thrombosis 
is limited to the left auricular appendage it is 
without clinical significance except as a source of 
embolism. 


INCIDENCE 

Since Wood’s original case in 1814 the reported 
cases have been well reviewed by Welch (1899), 
Hewitt (1916), Abramson (1924), Aronstein and 
Neumann (1939), Wright et al. (1944). Forty-six 
cases have hitherto been recorded. Cleland (1936) 
found only one ball thrombus among 3000 
necropsies, and Garvin (1941) three among 6285 
which included 156 cases with rheumatic heart 
disease. Ball thrombus in chambers other than the 
left auricle is very rare (Gairdner, 1893; French, 
1912; Wright et al., 1944). Our paper includes 
an analysis of 3083 consecutive necropsies among 
which there were 46 cases of mitral stenosis; 
in 6 of the latter a mass thrombus was dis- 
covered in the left auricle, and 3 of them conformed 
to the more rigid, and in our view too limited, 
definition of ball thrombus. 


FAETI46 OGY 

Ziemssen (1890) was the first to state that mitral 
stenosis was essential to the formation of a ball 
thrombus; in the majority of cases there is great 
narrowing of the valve. Yet a few cases have been 
recorded in which mitral stenosis was absent 
(Voelcker, 1893; Fischer, 1901; Pawinski, 1909; 
Dressler, 1928: Schwarz and Biloon, 1931; Kaplan 
and Hollingsworth, 1935). It is generally held that 
established auricular fibrillation contributes to the 
formation of a mass thrombus and that the condition 
rarely develops with normal rhythm (Osler, 1890; 
Spain, 1943). In one of our cases fibrillation had 
been paroxysmal until not more than four months 
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before death, whilst in another fibrillation developed 
only at the last. The size of the left auricle has no 
direct bearing on the formation of a mass thrombus, 
and there was only moderate dilatation in four of 
our cases. In two there was great dilatation, but in 
none was it aneurysmal. It is of interest that in the 
two cases of aneurysmal dilatation of the left 
auricle found in this series there was only moderate 
stenosis of the mitral valve. 


SYMPTOMATOLOGY 

It is probable that some of the symptoms and 
signs that have been ascribed to ball thrombus were 
the direct outcome of severe mitral stenosis; they 
include dyspnoea and embolism. In order to 
evaluate the effects of the mass itself in the left 
auricle the symptoms ascribed to ball thrombus 
were compared with those arising from tumour of 
the left auricle (Table I). Twenty-seven reported 
cases were studied, and they included 21 with 
myxoma, 5 with sarcoma, and 1 with fibroma. 


TABLE I 


SYMPTOMS, OTHER THAN PAIN, IN PATIENTS REPORTED TO 
HAVE TUMOUR OR MASS THROMBUS OF THE LEFT 





AURICLE. FIGURES DENOTE THE NUMBER OF CASES 
Thrombus 
Symptoms Tumour | 
| (27) Ball (46) | _—_ Present 
series (6) 
Dyspnea .. Com- | Invariable| Invariable 
mon 
Cardiac asthma .. Rare Rare l 
Rapid course of 
heart failure... 5 Absent 1 
Syncope .. is 7 6 1 
Peripheral vascula | 
signs ; Absent 10 2 
Auricular | 
fibrillation 4 38 _ 
Murmurs .. .. | Systolic From | From 
or pre- mitral mitral 
| systolic | stenosis stenosis 
Postural effects .. | 5 Absent | Absent 


Sudden death a 5 5 | 2 
| 





Dyspnea was a more prominent symptom in the 
cases of ball thrombus as might be expected from 
the associated mitral stenosis. It usually showed no 
special features, although cardiac asthma has been 
described (Schwarz and Biloon, 1931; Aronstein 
and Neumann, 1939). Such dyspneea in uncompli- 
cated mitral stenosis is thought to be due to rapid 
increase in the heart rate (McGinn and White, 
1934); Ernstene (1936) and Bramwell and Jones 
(1944) consider that occlusion of the mitral orifice 
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is also a factor. Although dyspnoea was rather less 
common as the first symptom of tumour of the left 
auricle, it occasionally presented unusual features 
in that it was sometimes severe in the absence of 
cedema (Horneffer and Gautier, 1913), or noticeably 
relieved by sitting up (Gilchrist and Millar, 1936). 
In Ernstene’s (1936) case of mass thrombus due to 
bacterial endocarditis the patient lost consciousness 
whenever he sat up during an attack of paroxysmal 
dyspnoea. In our series the first attack of chest pain 
was associated with severe dyspnoea in Case | and in 
Case 4 paroxysmal dyspnoea, which was relieved by 
assuming the upright posture, was a prominent 
symptom. 

Heart failure is common to cases of both tumour 
and thrombus, although in the former it is more 
rapid in its progress from the time of onset of 


symptoms (Houck and Bennet, 1929; Ludwig, 
1933: Jensen, 1934; Shelburne, 1935a, 19356; 
Gilchrist and Millar, 1936). In our series the 


symptoms of failure made their appearance from 
two months (Cases | and 4) to eleven years (Case 2) 
before death, and the average duration was four 
years. The degree of failure shortly before death 
was slight in Cases |, 3, and 5, moderate in Case 6, 
and severe in Cases 2 and 4. Failure was rapidly 
progressive whilst in normal rhythm in Case 4, 
though fibrillation supervened at the last. 

Giddiness and syncope, admittedly common 
symptoms in cardiological practice, appear to be 
more frequent in both tumour and mass thrombus 
of the left auricle. Such symptoms were present 
in six reported cases of ball thrombus (Wood, 1814; 
Osler, 1897; Mathewson and Rotherford, 1920; 
Schwarz and Biloon, 1931; Elson, 1934; Garvin, 
1941), and in our Cases | and 2. Ernstene and 
Lawrence (1936) described a patient who preferred to 
lie flat during attacks of paroxysmal dyspncea 
because sitting up promptly resulted in loss of 
consciousness. Giddiness and syncope are also 
common symptoms in tumour of the left auricle and 
they were present in seven reported cases (Berthenson, 
1893; Horneffer and Gautier, 1913; Houck and 
Bennet, 1929; Ludwig, 1933; Gilchrist and Millar, 
1936; Shelburne, 1935a; Fawcett and Ward, 1939). 
In Houck and Bennet’s case, recurrent fainting in 
the erect posture was the first and most prominent 
symptom, and it was followed a few weeks later by 
sudden death. In Shelburne’s case fainting was 
followed in a few days by severe heart failure. 
Paroxysmal fibrillation lasting three minutes was 
noticed during a fainting attack in Faweett’s case. 
In our series loss of consciousness was found only 
once (Case 3), and even in this case it was 


probably the outcome of paroxysmal tachycardia. 
Auricular fibrillation 


is naturally a common 
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accompaniment of mass thrombus since both condi- 
tions are found in long-standing mitral stenosis. 
Normal rhythm has sometimes been noted (Osler, 
1890; Spain, 1943), and it was observed in two of 
our patients; in Case 2 paroxysmal fibrillation was 
present for some years, while in Case 4 fibrillation 
set in very late. That arrhythmia can result froma 
mass in the left auricle, quite apart from valvular 
disease, is shown by the incidence of paroxysmal or 
established fibrillation in cases of mass thrombus in 
the absence of mitral disease (Dressler, 1928; 
Kaplan and Hollingsworth, 1935; Pawinski, 1909), 
and in tumour of the left auricle (Jensen, 1934; 
Fawcett and Ward, 1939). In other cases of tumour, 
bouts of extrasystoles or paroxysmal tachycardia 
have been noted (Eimer, 1928; Gilchrist and Millar, 
1936; Thompson, 1944), and failure was present in 
at least two cases at the time. In only one case did 
electrocardiographic evidence assist in the diagnosis 
(Shelburne, 1935a) when partial heart block devel- 
oped due to sarcomatous involvement of the 
conduction system. 

Peripheral vascular phenomena. Fishberg (1940) 
stated that occlusion of the mitral orifice by a free 
or pedunculated thrombus can only be assumed with 
any probability in the rare instances in which 
intense cyanosis develops with symmetrical ischemia 
of all the extremities, the tip of the nose, and the ears. 
He added that even this clinical picture may be 
caused by a very tight mitral stenosis. The 
mechanism of this symmetrical ischemia, which may 
proceed to gangrene, is thought to be severe peri- 
pheral vasoconstriction following a serious fall in 
the cardiac output. Such a clinical picture devel- 
oped in varying degrees in 10 of the 46 reported 
cases of ball thrombus (Fischer, 1901; Covey ef 
al., 1928; Schwarz and Biloon, 1931; Elson, 
1934; Schiller, 1935; Ernstene and Lawrence, 
1936; Spain, 1934; Aubertin and Rimé, 126). 
Gangrene of the tip of the nose was described by 
Lutembacher (1917) but it is probable that this was 
embolic since bacterial endocarditis was also 
present. Purpura was also a feature in two cases. 

In our series non-embolic peripheral vascular 
manifestations were present in two cases. In Case 3 
the extremities suddenly turned cold and pulseless, 
and at necropsy the mitral orifice was found 
occluded. In Case 6 extreme cyanosis of the fingers 
was observed, disproportionate to the degree of 
heart failure, and at necropsy a_ loose ball 
thrombus was found in the left auricle. No case of 
transient peripheral cyanosis or gangrene was seen. 
Among the 27 cases of tumour of the left auricle 
only two presented undue cyanosis of the hands and 
face, and severe heart failure was present in both. 
It appears likely, therefore, that a stenosed mitral 
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valve is at least as important as a co-existent mass 
thrombus in the production of these phenomena. 
Embolism is naturally common because of the 
mitral stenosis in cases of mass thrombus, but it is 
less frequent in those with tumour of the left auricle. 

Murmurs. Evaluation of reported auscultatory 
signs is notoriously difficult, especially so with early 


writers. It would appear, however, that a ball 
thrombus has little influence on the murmurs 
produced by the stenosed mitral valve. Changing 


murmurs, although stressed in the past (Battistini, 
1909: Pawinski, 1909) are rarely observed. The 
casc of Covey et al. (1928) was remarkable in 
that a presystolic murmur developed whilst the 
patient was in hospital, and finally became so loud 
as ‘0 be heard a few feet away. Schwartz and 
Biloon (1931) and Schiller (1935) noted the dis- 
appearance of sounds and murmurs with the 
advent of severe symmetrical cyanosis due to 
occlusion of a stenosed mitral valve by a mass 
thrombus, while Garvin (1941) remarked on the 
absence of murmurs in two cases of severe mitral 
stenosis with ball thrombus formation. That a 
mass in the left auricle can cause murmurs which are 
indistinguishable by ordinary methods from those 
of mitral stenosis was the opinion of Ludwig 
(1933) who collected 20 reported cases and added 
another. It has also been stated that a tumour of 
the left auricle may cause severe symptoms without 
the production of murmurs (Shelburne, 1935; 
Bennett ef al., 1938; Fawcett and Ward, 1939; 
Hamilton-Paterson and Castleden, 1942). Of the 
murmurs found in cases of tumour of the left 
auricle a systolic murmur was the usual one, 
although a presystolic murmur was sometimes 
present. 

Radiology. Mass thrombus in the left auricle 
cannot be detected by cardioscopy except in those 
very rare cases where a mural thrombus has become 
calcified (Berk, 1939). It does not affect the size 
or shape of the heart. Tumours of the left auricle 
may alter the outline of the heart to resemble closely 


that of mitral stenosis (Dressler, 1928; Ludwig, 
1933; Gilchrist and Millar, 1936; Bennett ef 
al. 1939), adding to the already erroneous 


diagnosis based on the murmurs which may be 
present. Tumour of the right auricle may some- 
times be suspected by a cardioscopic appearance 
similar to that seen in primary pulmonary hyper- 
tension (Hamilton-Paterson and Castleden, 1942), 
but a cardiogram should prevent this error. 

Sudden death. Garvin (1941) described a man in 
whom heart failure had responded well to treatment 
in hospital, but who died suddenly when leaving the 
ward; at necropsy a small pedunculated thrombus 
was found to be wedged in the mitral orifice. 


F 
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Sudden death may also result from a mass which 
occupies the larger part of the left auricle, and this 
has been reported in several instances where 
necropsy showed a tumour almost filling the 
auricle (Hoffmann, 1921; Houck and Bennet, 1929; 
Jensen, 1934; Gilchrist and Millar, 1936; Thomp- 
son, 1944). In our series death occurred unex- 
pectedly and within a few minutes in Cases 1 and 5; 
in the former there was occlusion of the mitral 
orifice by the thrombus, and in the latter the 
thrombus filled two-thirds of the left auricle. In 
Case 3 death occurred within a few hours of the 
onset of peripheral ischemia, and at necropsy the 
mitral office was almost completely occluded by a 
thrombus. As in the case of Thompson (1944) 
the terminal event was pulmonary oedema, pre- 
sumably due to sudden heart failure, although in 
our case pulmonary cedema was remarkably slight. 

Cardiac pain. An accurate account of pain was 
unusual in the literature that was reviewed, and 
vague terms such as oppression, precordial pain, 
thoracic pain, etc., were used in the reported cases 
of ball thrombus (Arnold, 1890; Bozzolo, 1896: 
Hay, 1900; Ott, 1901; Elson, 1934) and in tumour 
of the left auricle (Bamberger, 1872; Berthenson, 
1893; Thompson, 1904; Fawcett and Ward, 
1939). Retrosternal pain was described in two 
cases of myxoma by Gilchrist and Millar (1936) 
and Bennett et al. (1938), and in one of the three 
cases of occluding thrombus reported by Schwartz 
and Biloon (1931). The pain of cardiac ischemia 
was a noticeable symptom in three of our six cases 
of mass thrombus in the left auricle. Having 
regard to the non-specificity of other signs in this 
condition we mean to emphasize the importance of 
this symptom. As we are at present observing 
20 patients with mitral stenosis and cardiac pain, 
some of them for as long as ten years, it is unlikely 
that the pain is invariably caused by a mass throm- 
bus. None the less, in only one of the four cases in 
our series of 46 consecutive deaths from mitral 
stenosis in which pain had been a feature during 
life was a mass thrombus absent from the left 
auricle at necropsy. Again, in six cases in which a 
mass thrombus was found, three had complained of 
cardiac pain, while only one of the remaining 40 
cases of mitral stenosis without a mass thrombus of 
the left auricle had suffered from cardiac pain 
(Table Il). We bring evidence to show, therefore, 
that although sometimes present in uncomplicated 
mitral stenosis, cardiac pain is a more likely event 
when mass thrombus in the left auricle has been 
added. The pain in our cases was indistinguishable 
from that of cardiac ischemia due to coronary 
disease or cardiac infarction. Thus, its site was 
retrosternal, and its spread was into the shoulders 
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TABLE Il 


THE RELATION OF CARDIAC PAIN TO MASS THROMBUS 
OF THE LEFT AURICLE FROM AN ANALYSIS OF 46 
CONSECUTIVE CASES OF MITRAL STENOSIS EXAMINED 
AT NECROPSY 

















| | | Mass 
| Pain of Grade of | throm- 
Cases| cardiac| mitral | prasad bus in 
lischemia| stenosis left 
| auricle 
1 | Present | Severe | Incidental | Present 
2 =| Present | Severe } None | Present 
3 | Present| Severe | Incidental | Present 
4 | Present | Severe | None Absent 
7 | Absent Severe | Incidental | Present 
6 | Absent| Severe | Incidental | Present 
7 | Absent Severe Incidental Present 
8 | [Slight: 5 |None: 0 | 
to Absent | Moderate: 17 | Incidental: 35 | Absent 
46 | 17 Severe: 4 | 


Severe: 
| | | 





and sometimes down one or both arms. It was 
brought on by exertion, especially walking, and it 
ceased as soon as the exercise which caused it was 
discontinued. In Cases 1, 2, and 3 the pain also 
occurred at rest. In Case 1 the first attack set in 
during rest and lasted an hour; it was accompanied 
by breathlessness. In Case 2 the initial attack came 
on at rest and was only relieved five hours later after 
an injection of morphine; on five other occasions 
the painful attacks in this patient lasted for many 
hours. Although the pain in Case 3 had usually 
been caused by exertion, her most severe attack 
startled her during rest and she cried out as she lost 
consciousness; auricular tachycardia was present 
in this attack; subsequently when in slow auricular 
fibrillation, she experienced cardiac pain. In 
these three cases where the pain occurred at rest it 
was always more readily brought on by exertion. 
Levine (1922) found only one case of mitral stenosis 
among 103 cases of angina, and White (1936) found 
two among 500. More recently Levine and Kauver 
(1942) found cardiac pain in 5 per cent of 314 
patients with mitral stenosis: In our series of 46 
patients with mitral stenosis at necropsy cardiac pain 
had been present in four; in a fifth patient the 
attacks of retrosternal pain were brought on solely 
by paroxysmal tachycardia, and were not related to 
effort. 

Angina from all causes is reported as three times 
commoner in men than in women, but naturally 
the higher incidence of mitral stenosis in women 
increases the incidence in them of cardiac pain when 
it is the outcome of mitral stenosis, and all our 
cases were women. 
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Concerning the age incidence of cardiac pain in 
mitral stenosis White and Mudd (1927) found that 
only about 2 per cent of cases of angina from all 
causes developed the pain before 40, while Levine 
and Kauver (1942) found 8 per cent in their series of 
mitral stenosis. Three of our four cases began to 
have pain before 40. The average age at death in 
our series was 38 years, an age much younger than 
that given by Eppinger and Levine (1934) for all 
women with angina, or by Levine and Kauver (1°42) 
in angina and mitral stenosis, where it was about 
60 years. 

Different mechanisms have been invoked to 
explain the occurrence of cardiac pain in these cases 
(Sternberg, 1923; Telia, 1925; MHochrein. 1930; 
Blackford, 1940). The importance of marked 
pulmonary changes with severe cyanosis was 
reported by Burgess and Ellis (1942) and by Parker 
and Weiss (1936), but they were not present in any 
of our cases. 

Naturally, coronary atheroma might coincide 
with mitral stenosis, but in our cases it was a casual 
finding when present, and it was never prominent 
enough to be significant as a cause of cardiac 
ischemia. 

That cardiac pain is rare in auricular fibrillation 
has been over-emphasized, for although Levine 
(1922) found them to be associated in but two of 
103 cases of angina, we have often observed them 
together even in non-valvular heart disease, while 
in three of the present cases cardiac pain and 
auricular fibrillation were found side by side. 
Although some degree of heart failure was a com- 
mon finding, we did not think that it contributed 
in any way to the development of pain. 

We believe that cardiac pain in mitral stenosis is 
the result of an impoverished coronary circulation 
resulting from the stenotic valvular effect; when 
mass thrombus in the left auricle is added the 
susceptibility to cardiac ischemia is increased. 
The fact that the incidence of cardiac pain is higher 
in those cases of mitral stenosis complicated by 
mass thrombus in the left auricle gives support to 
the belief that the pain is caused by cardiac 
ischemia. 


SUMMARY AND CONCLUSIONS 


The clinical findings in reported cases with ball 
thrombus or myxoma of the left auricle ‘ave 
been examined with the object of deciding w'iich 
symptoms or signs permit a diagnosis of ball 
thrombus during life. Among those attributed 
to the condition were dyspnoea, heart failure, 
giddiness, syncope, auricular fibrillation, cei ‘ain 
heart murmurs, embolism and extreme cyan sis, 
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ischemia or gangrene of the extremities. None of 
them was a consistent finding. 

We consider that the definition customary for ball 
thrombus is too exacting and we suggest that the 
term mass thrombus should take its place and should 
include any large thrombus, free or attached, that 
occupies the greater part of the left auricle, as well 
as any smaller thrombus that by reason of its 
nearness to the mitral valve may cause obstruction 
to the flow of blood through the mitral orifice. 

\mong 46 consecutive cases of pure mitral 
stenosis examined at necropsy we found six in which 
a inass thrombus was present in the left auricle. 
Cardiac pain was a noticeable symptom during life 
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in three instances, and it occurred once only among 
the 40 cases without a mass thrombus. 

We conclude that although cardiac pain from 
cardiac ischemia may occur in uncomplicated mitral 
stenosis, the symptom is more likely to arise when a 
mass thrombus has formed in the left auricle. 


We wish to thank Professor Dorothy Russell, Director 
of the Bernhard Baron Institute of Pathology, and Dr. 
W. W. Woods, for the records of the findings at necropsy 
in the cases we describe, and Dr. A. E. Clark-Kennedy 
and Dr. Horace Evans for permission to publish two cases 
under their care. We are grateful to Sir John Parkinson, 
Physician to the Cardiac Department, for his helpful 
criticism of this paper. 
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The levels of the blood pressure as ordinarily 
measured are widely variable but levels observed un- 
der standard conditions have been suggested to be less 
variable. Consequently, standardized procedures 
have been devised to give stable blood pressure 
levels and the results, termed basal blood pressures, 
have been found to be much lower than the casual 
pressures ordinarily obtained. No evidence has so 
far been presented to show that such basal pressures 
are physiologically constant in each individual. 

The term basal blood pressure originated when 
Addis (1922) used the expression to describe the 
level he had recorded in patients before they rose 
from bed in the morning. He contrasted these 
low levels with those recorded later in the day. 
Addis observed a much smaller difference between 
daytime and basal pressures in cases of glomerulo- 
nephritis than in cases of essential hypertension. 
Ayman (1931) suggested means whereby more 
stable levels of blood pressure could be obtained 
especially as a preparatory step to evaluate the 
effects of treatment on essential hypertension, but 
did not refer to these levels as basal. The term 
basal blood pressure was used in the Joint Report 
of the Committees of the Cardiac Society of Great 
Britain and Ireland and the American Heart 
Association on the standardization of methods of 
measuring the arterial blood pressure (1938). This 
committee stated: ‘‘In detailed researches on blood 
pressure the use of a basal pressure might be 
considered after preparation similar to that used 
for basal metabolism. It should be determined 
10 to 12 hours after the last meal of the previous 
night and after resting for half an hour in a warmed 
room.” 

Alam and Smirk (1938) indicated that they were 
using a basal blood pressure as a base-line in studies 
of blood pressure raising reflexes and later (1943) 
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obtained results approximating to the basal blood 
pressure with a procedure which they termed 
emotional desensitization to the presence of the 
observer and to the process of sphygmomanometry, 
with special attention to rest in a warm quiet room, 
but taking no special precautions as to the time of 
day or the time after the last meal. Alam and 
Smirk, from observations of blood pressure obtained 
by this method, suggested that readings obtained 
under ordinary clinical conditions should be ca!led 
casual blood pressures, and those obtained under 
basal conditions, basal blood pressures; and that 
the difference between casual and basal blood 
pressure levels should be called the supplemental 
blood pressure. This represents the degree of 
elevation of the blood pressure above the basal 
level due to physical, metabolic, mental, and eimo- 
tional stimuli at the time the casual blood pressure 
is taken. The less the physical metabolic and 
emotional pressor stimuli at the time the casual 
pressure is observed the nearer will this pressure 
approach the basal level for that individual and the 
lower will be the supplemental pressure. 

Later Smirk (1945) showed that the technique 
Alam and he had described for basal blood pressure 
determination, when applied without regard to the 
time of the previous meal, produced lower results 
than were ordinarily obtained by the method 
advocated by the Cardiac Societies. He showed 
further that when both methods were combined 
the resulting basal blood pressure level was slig tly 
lower than with either method when_used alone. 

This investigation was primarily designed to 
determine if in health and in essential hypertension 
the basal pressure is in fact a constant measurement 
for the individual. In the course of the werk 
observations were made to investigate a more rapid 
and convenient method of basal blood pressure 
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determination using a hypnotic drug. Different 
decrees of variability of blood pressure were 
observed among the hypertensive subjects studied 
anc an analysis of the-supplemental pressure of 
these and of normal subjects was undertaken to 
determine if there was also a relationship between 
the presence of congestive heart failure and 
var ability of the blood pressure level. 


METHOD 


[xcept in the group of subjects in which an 
hynotic drug was given the method of basal blood 
pre sure determination which was used throughout 
this study was that outlined by Smirk (1945), 
namely a combination of the routine described by 
the combined committee on blood pressure measure- 
ment and that of Alam and Smirk (1943). The 
procedure was designed to measure the blood 
pressure when the subject was in the basal meta- 
bolic state and was free from states of emotion or 
mental alertness. 

Many subjects will not attain a basal state if they 
gain the impression that the blood pressure measure- 
ments are merely the prelude to some unfamiliar 
and possibly unpleasant procedure. For this reason 
the subjects were informed on the day before the 
determination that no procedure would take place 
except blood pressure measurements with which 
they were already familiar. The object of the 
experiment and the procedure to be used were 
outlined and instruction was given to keep the 
mind blank and the body relaxed and still, as though 
trying to go to sleep. Talking was not allowed. 
In the morning the subject used a urinal or bed pan, 
if necessary, soon after waking. The subject did 
not get out of bed nor have any food but was 
moved to a quiet warm single room where he or 
she remained alone, without reading and, if possible, 
asleep for about half an hour. The observer then 
entered quietly, adjusted the sphygmomanometer 
and proceeded to record the level of the blood 
pressure about twice each minute, for the next 
twenty to thirty minutes. No other person entered 
the room during the determination. The observer 
did not move about the room or engage in any 
pursuits that would divert the subject’s attention. 
The lowest systolic pressure which was recorded 
three times and the accompanying diastolic pressure 
were taken as the basal blood pressure. 

All the blood pressure measurements were made 
on the left arm which was supported at heart level. 
The same mercury manometer was employed 
throughout the study using the method of judging 
Systolic and diastolic level detailed by the British 
and American Cardiac Societies. All the observa- 


tions were made by the author and the sphygmo- 
manometer used was checked against a standard 
instrument several times in the course of the study. 
In each of the subjects casual blood pressure 
readings were taken on the day before or later on 
during the day on which basal blood pressure 
determinations were made. These casual blood 
pressure measurements were designed to conform 
with those ordinarily made in wards or clinic. 
The measurements were all made with the patient 
reclining and on the left arm which was supported 
at heart level, but no special precautions were 
taken to eliminate the effects of exercise, meals, or 
emotional factors. 


SUBJECTS 


The subjects upon whom measurements were 
made were mainly convalescent patients awaiting 
discharge. These subjects had blood pressures 
ranging from normal to hypertensive levels. The 
reason for admission to hospital varied, most of the 
subjects having complaints quite distinct from 
essential hypertension such as hernia, peptic ulcer, 
chronic diarrhoea, etc., but there were several whose 
main complaint was associated with essential 
hypertension, such as headaches, dizziness, encepha- 
lopathy, or hemiplegia. 

To assess the degree of constancy of casual and 
basal blood pressure levels, casual blood pressure 
readings were made and the procedure of deter- 
mining the basal blood pressure was carried out 
from four to seven times in each of 33 subjects. 
These subjects were grouped according to the 
level of the casual blood pressure. 

Group I. Eleven subjects in whom the mean 
casual systolic blood pressure was 132 mm. of 
mercury or less and in whom no single systolic 
reading exceeded 140. The casual diastolic readings 
were never above 90. 

Group II. Eight subjects in whom the casual 
blood pressures were higher than those of Group I 
but whose mean casual systolic pressure did not 
exceed 160: the mean casual diastolic readings were 
all below 90. 

Group III. Fourteen subjects with essential 
hypertension without albuminuria but including 
some with early congestive heart failure, whose 
mean casual systolic pressures all exceeded 160 and 
whose mean diastolic pressures were all above 90. 

The effect of premedication with pentobarbitone 
soluble in decreasing the time required for basal 
blood pressure determination was studied in nine 
subjects equally distributed among the above three 
groups. 

In 44 subjects casual blood pressure levels were 
measured and basal blood pressure determinations 
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were carried out on one occasion and the supple- 
mental (casual minus basal) pressure determined by 
calculation. These subjects were grouped as before 
into a group of 14 subjects with normal levels of 
casual blood pressure and a group of 8 subjects 
with intermediate casual blood pressure levels but 
the third group of hypertensive subjects was divided 
into two sections. Group III A: 13 hypertefisive 
subjects whose blood pressures conformed to the 
levels outlined previously for Group III in general 
but without history or signs of congestive heart 
failure. Group III B: 12 hypertensive subjects as 
above except that they showed signs of congestive 
heart failure. 


RESULTS AND DISCUSSION 


To determine the variability from day to day of 
both casual and basal pressures the results in the 
first series of 33 subjects were graphed separately 
(Systolic pressures Fig. 1 to 6). The graphs were 
drawn on a common chart for each group so that 
the zero line represents the mean systolic blood 
pressure of each subject and each continuous line 
shows the fluctuation of that subject’s blood pressure 
above and below the zero line from day to day. 
The charts were all drawn to the same scale. 

Fig. 1 shows the variation among the casual 
systolic blood pressures measured from day to day 
in each of 11 normal subjects (Group I) while 
Fig. 2 shows the variation of the basal systolic 
pressures in the same subjects. 

The close approximation of the lines in Fig. 2 
suggests that over the period of two weeks to one 
month during which observations were made the 
basal systolic pressure of these subjects was almost 
constant. The greater degree of variability in the 
casual blood pressure is shown by the wider spread 
of the lines in Fig. 1 than in Fig. 2. 

The charts of Group II—Fig. 3 and 4—show an 
even more marked difference between the variation 
of casual and basal systolic pressures. This group 
of subjects was selected to conform to the pre- 
hypertensive subjects of Hines (1940) and the 
hyper-reactors of Ayman (1934). In this group 
the casual systolic pressures (Fig. 3) are more 
variable than those of the normal subjects of Group I 
(Fig. 1). The basal pressures of this group seem to 
be slightly less constant than in the normal subjects. 
There is a general tendency for the first basal 
pressure in each subject to be high. This initial 
high reading may indicate that the first attempt 
was unsuccessful owing fo the presence of con- 
cealed emotional tension or of apprehension. 
When these doubtful initial readings are eliminated 
from the charts the basal pressures upon which 
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reliance may be placed are seen to be almost 
constant. 

Fig. 5 and 6 show the variability of casual and 
basal systolic pressures in the hypertensive subjects 
of Group III. The gross variation of the casual 
pressures from day to day (Fig. 5) is striking, while 
the basal pressures (Fig. 6) are less variable anc, if 
the first observation is excluded for the reasons 
given above, the remainder show appreciably less 
variation than do the casual pressures. 

The degree of constancy shown by the basal 
systolic figures in general and in Group I in par- 
ticular (Fig. 2), increases in significance when the 
following points are considered. It had been 
shown that with repetition of the readings, blood 
pressure levels tend to drop due to the remova! of 
some of the emotional stimulation or mental 
alertness associated with sphygmomanometry. Such 
repeated readings, would, therefore, tend to become 
more constant. This factor plays a large pari in 
producing the relatively small variation of casual 
pressure seen in Fig. 1, as the subjects were having 
readings taken over many days, and towards the 
end of the series they were so accustomed to the 
procedure that the casual pressure would fall and 
the readings observed would show some degree of 
false constancy not actually to be expected in a 
series of truly casual readings. The basal blood 
pressures observed, on the other hand, were readings 
taken after placing the subject as far as possible in 
basal conditions. The experimental errors which 
could occur would all tend to give readings rather 
higher than the true basal level, and such errors 
might be many. Small, apparently innocuous 
variations of technique might occur. On one 
occasion it was found that two subjects were show- 
ing rather higher basal pressures than had previously 
been recorded. On investigation it was found the 
subjects had walked from the ward to the room 
where the basal pressures were measured instead 
of being moved in bed. These readings were, of 
course, discarded as being non-basal. One patient, 
who was suffering from peptic ulceration, showed 
a high level of basal pressure after a night disturbed 
by slight but annoying abdominal pain. 

The most remarkable divergences from the usual 
basal level were shown when concealed emotional 
factors were present. One hypertensive subject had 
received by letter disturbing news about her son’s 
conduct. The basal pressure next morning was 
50 mm. higher than usual and only after prolonged 
questioning was the cause revealed. In another 
instance the subject, a soldier, showed slowly 
increasing levels of basal pressure. Interrogation 
failed to reveal any cause for anxiety known to the 
subject, but it was found by chance that he was 
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Fic. |-6.—The degree of variation from day to day of the systolic blood pressure levels of the subjects in the three 


groups. 


The levels of the individual readings of each subject are plotted as points above or below a zero 


ne that represents the mean level of that subject. The points are connected by lines so that each line shows the 


variation of blood pressure in one subject. 


The casual and basal pressures are shown separately. 


In each 


group the lines for the individual subjects are drawn to the same scale on the one chart so that the one common 


ero line represents the mean of each subject. 


The degree of variation is shown by the extent of spread of the lines above and below the zero line. The scale is in 


millimetres of mercury. 


levels; Group III, hypertensive levels. 





The subjects were grouped as follows: Group I, normal blood pressure levels; Group II, intermediate pressure 
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Fic. 7-12.—The degree of variation from day to day of the diastolic blood pressure levels of the subjects i) the 


three groups. 


due to have an Army Reboard to decide if his 
military service would be terminated. He was 
discharged from the Army, as he had hoped, and 
further basal blood pressure readings returned to 
their previous level. In such cases there was 
failure to obtain a basal pressure. Some such 
errors may have been present without our knowledge 
in a few of the readings which have been accepted 





The casual and basal pressures are shown separately. For details see Fig. 1-6. 


as basal and would tend to make the vari:tion 
observed in the basal pressure appear to be greater 
than the true variation, which must be slight. 

One of the most constant experimental er:ors 
which must be considered in assessing the accuracy 
of the results is that due to the sphygmomanomc'er. 
This error is due to the vibration of the mercury 
column with the pulse wave and to a few millimeires 
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rise and fall of the blood pressure during respiration. 
Neither of these factors is constantly present but 
both may, in certain subjects, be the source of a 
rel:tively large error. There is also the factor of 
pe:sonal error which is more important in assessing 
the diastolic level. A reasonable estimate of the 
toi 1] possible error would be +4 mm. of mercury 
for the systolic and +8 mm. of mercury for the 
diastolic. Larger errors were prevented by strict 
adherence to the method of blood pressure measure- 
ment outlined by the combined committee of the 
Cardiac Societies. 

When these sources of error are kept in mind 
an | Fig. 1 and 2 reconsidered it is obvious that the 
basal systolic pressure must be considered to be 
constant from day to day in normal subjects in a 
physiologically constant state. Fig. 1 to 6 show 
that casual systolic readings are much more variable 
in essential hypertension than in health. Through- 
oui the series of observations it was noticed that 
hypertensive patients did not relax easily, neither 
physically nor mentally. Basal levels of blood 
pressure were more difficult to attain especially if 
there was at the time any emotional disturbance 
such as apprehension. During basal blood pre ssure 
determination sudden noises, interruptions from 
the corridor, lift-gates slamming, etc., would pro- 
duce larger elevations of pressure in hypertensives 
than comparable stimuli in normal subjects. It has 
previously been noted that definite emotional 
pressor factors were found in some hypertensives 
and that these factors were difficult to eliminate. 
Some hypertensives may be inherently emotional, 
tense and restless. Others, no doubt, have vascular 
systems which are more reactive than the average 
to emotional or other stimuli. Very likely still 
others are inherently emotional and have, as well, 
a high vascular reactivity. 

In any experimental studies to determine the 
degree of improvement in essential hypertension, a 
comparison of the basal blood pressure levels before 
and after treatment would give a more accurate 
measure of the clinical result than would a com- 
parison of casual levels, which are so highly variable. 
In almost all reports on the results of therapy in 
essential hypertension conclusions have been drawn 
from an observed difference in casual blood pressure 
levels and in many the difference observed could 
easily have been due to chance variation. 

The levels of the diastolic pressures were also 
recorded throughout the study and the results 
graphed as for the systolic pressures. Fig. 7 and 8 
show the variation of casual and basal diastolic 
pressures of the normal subjects (Group I), Fig. 9 
and 10 the casual and basal diastolic pressures of 
Group II with rather higher pressure levels, and 
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Fig. 11 and 12 show the casual and basal diastolic 
pressures of the hypertensive subjects (Group III). 
The same general features may be seen as with 
systolic pressures namely that the basal levels are 
much more constant than are the casual levels. 
Fig. 8 shows that within the rather larger limit of 
experimental error (--8 mm. of mercury) the basal 
diastolic pressure is constant from day to day in 
healthy subjects. 

It is often stated that the diastolic pressure is less 
variable than the systolic pressure. Except in the 
subjects with slightly abnormal blood pressure levels 
(Group II—Fig. 3 and 4, 9 and 10) this does not 
seem to apply to the subjects studied as the spread 
of the graphs in Fig. 7 and 11 is not significantly 
less than the spread in Fig. 1 and 5 respectively. 
It is to be expected that in the hyper-reactors of 
Grours U, the diastolic pressures, both casual and 
basa!, would be more constant than the systolic 
pressures because lability of the systolic pressure is 
the main criterion of selection in this group. 

The levels of blood pressure observed in this 
section of the study are shown in Fig. 13. For 
Group I, the subjects with normal blood pressure 
level, the mean casual pressure was 118 mm. 
systolic and 79 diastolic, while the mean basal 
pressure was 103 systolic and 72 diastolic. In 
Group II, composed of préhypertensive subjects, 
the mean casual level was of course higher, namely 
138 mm. systolic and 82 mm. diastolic, while the 
mean basal level was not appreciably different from 
those of group one, namely 109 mm. systolic and 
69 mm. diastolic. In the third group, in which 
hypertensive subjects of varying levels were classed, 
the mean casual pressure was 177 mm. systolic 
and 117 mm. diastolic. It should be emphasized 
here that in any group of subjects the mean supple- 
mental pressure must be calculated from the 
individual casual and basal levels of each subject. 
The difference between the mean casual level, and 
the mean basal level gives no information as to the 
mean supplemental pressure of the group. 

In several cases’in each group of subjects 1-5 grains 
of sodium pentobarbitone was given by mouth 
shortly after waking on the morning of the basal 
blood pressure determination. It was found that 
basal levels were more quickly attained in this way, 
in nine of the cases in whom an average of over 
eight minutes was required for the blood pressure 
to reach basal levels without premedication, the 
use of the drug gave equivalent levels in under 
three minutes. For accurate work, however, a 


much longer time should be spent in the deter- 
mination because in some cases low levels are 
attained only after twenty to thirty minutes of 
The hypnotic had the added advantage 


habituation. 
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THE SUPPLEMENTAL PRESSURE 

In the course of the investigation 
there were found to be striking 
differences in the drop in blood 
pressure observed in different sub- 
jects during basal blood pressure 


determination. To amplify this 
observation a further series of 44 
subjects was studied, one casual 
blood pressure reading and one 
basal blood pressure determination 
being carried out on each subject 
and the supplemental pressure deter- 
mined by subtraction. The supple- 
mental pressure is a measure of the 
degree of elevation of the blood 
pressure due to emotional, nervous, 
and metabolic factors and to phys- 
ical exertion and therefore varies 
from person to person and from 
moment to moment but gives an 
indication of the reactivity of the 
blood pressure. 
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Fic. 13.—The mean casual and basal blood pressure levels 


in Groups I, II, and III. 


of keeping the patient rested and quiet for a much 
longer period so that the determination of the basal 
blood pressure level could be made at a time much 
more convenient for the investigator than soon 
after the subject wakes in the morning as was 
originally proposed. 

The method of basal blood pressure determination 
used in this study was designed to give as accurate 
an estimate of the true basal blood pressure as it is 
possible to obtain. In practice a fair approximation 
may be obtained on outpatients in the consulting 
room by a trained assistant with preparation of the 
patient as for basal metabolic rate determination. 
The accuracy of such readings would be increased if 
premedication with a rapidly acting barbiturate, 
such as sodium pentobarbitone as described above, 
were used and if several determinations were made 
on different occasions as the first reading is usually 
higher than later ones. The effect of the pre- 
medication rapidly wears off, all of the subjects 
studied being quite able to carry on their daily 
work two hours after the test. 





The subjects were grouped as 
before into three main groups ac- 
cording to the level of the blood 
pressure, normal, intermediate, and 
hypertensive, but the hypertensive 
group was further subdivided into 
two sections. Group III A consisted 
of 13 hypertensive subjects without 
signs or symptoms of congestive 
heart failure and Group III B was 
composed of 12 subjects with vary- 
ing degree of congestive heart failure. 

Table I shows the results of the investigation in 
these 44 subjects. There are obvious and striking 
differences in the mean supplemental pressures of 
the various groups. The normal subjects showed 
supplemental pressures of about 20 mm., while 
the group with intermediate casual pressure levels 
showed a rather higher figure as was to be expected 
from the method of selection. In the subjects 
with essential hypertension the mean supplemental 
pressure was over twice that of the normals. When 
the essential hypertension was complicated by 
congestive heart failure, however, the supplemental 
pressure was barely one-fifth of that in the uncem- 
plicated cases and barely half that of the normal 
subjects. 

To determine the significance of these observations 
a Statistical analysis was made, the results (Table |) 
giving mean supplemental pressures in the three 
groups. To assess the statistical significance of the 


differences observed between these mean values of 


supplemental pressure, the standard error of eaci 
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VARIATION OF BLOOD PRESSURES 





TABLE I 
THE MEAN SUPPLEMENTAL BLOOD PRESSURE AND STATISTICAL SUMMARY 





| Mean supple- Standard 
deviation in 
millimetres of 


| mental pressure 


Group and number of subjects | in millimetres | 


Difference between mean supplemental 
pressures with standard error of difference 
in millimetres of mercury 








| of mercury mercury | 
. ; Difference 
Groups with standard ae ee 
| compared error of Significance 
difference 
| ——— 
I. !4normals.. os ie 18-2 8-51 I (18-2) 68 +4-97 Nil 
II (25-0) 
II. 8 prehypertensives .. re 25:0 12°51 | II ting 26:4+4:27 High 
I (18-2) 
Ill A. 13 hypertensives without 
heart failure os - 44-6 13-02 III A (44-6) 35°6+3-82 | Very high 
III B (9-0) 
III 8. 12 hypertensives with heart 
failure .. “ i es 9-0 4-32 I (18-2) 9-2+2-59 High 


III B (9-0) | 





difference was calculated. A _ statistically  sig- 
nificant difference between two mean values exists 
when the numerical difference between the values 
exceeds double the standard error of that difference. 
In this table it may be seen that the supplemental 
pressure of the group of hypertensive subjects is 
significantly higher than that of either the normal 
subjects or the subjects with hypertension com- 
plicated by heart failure, and the supplemental 
pressure of this latter group is significantly lower 
than that of the normal subjects. 

The great elevation of the supplemental pressure 
in essential hypertension accords with the previous 
observation that in essential hypertension the 
blood pressure shows marked variation. The low 
supplemental pressure in essential hypertension 
with congestive heart failure shows that the re- 
activity of the circulatory system to metabolic 
factors, physical work, and nervous and emotional 
factors is reduced. It might be argued that the 
basal blood pressure in these subjects would there- 
fore be constant. In those subjects on whom 
repeated basal blood pressure determinations were 
made, however, it was found that from day to day 
the level of the basal blood pressure was not quite 
constant although during each determination the 
level of the systolic pressure changed very little. 
This suggests that a possible explanation for the 
low supplemental pressure found in these heart 
failure cases is that the method of basal blood 
pressure determination does not succeed in removing 
the pressor factors mentioned above and that a 
true basal level is not attained. Possible causes for 


this are the frequent presence of dyspnoea and 
Cheyne-Stokes respiration and the general dis- 
comfort of the patient, all of which would tend to 
prevent the attainment of completely basal con- 
ditions. In several patients, however, determina- 
tions were made during both the acute illness when 
dyspnoea and general discomfort were marked and 
during convalescence when the patient was well. 
In these cases the supplemental pressure during 
convalescence was as low as that found during the 
acute phase of heart failure. 

Apart from this effect the strictly controlled 
conditions of the experiment do not seem to admit 
of other reasons for failure to attain a basal level 
and there is, therefore, no reason to suspect that 
the process of basal blood pressure determination 
was any less effective in the patients with con- 
gestive heart failure than in those with uncom- 
plicated essential hypertension. Similarly, the 
presence of the low supplemental pressure in the 
convalescent patient suggests that heart failure by 
itself is not sufficient to account for the vastly 
different supplemental pressures found in com- 
pensated and in failed essential hypertension. The 
reduction of cardiac output which may accompany 
congestive heart failure may account, in part, for 
the low supplemental pressure observed. For in 
cases of congestive heart failure the cardiac output 
is close to its maximum and cannot be much 
increased in response to the usual pressor stimuli. 
The blood pressure, which is maintained by the 
cardiac output and the peripheral resistance, may, 
however, be altered by variation in the latter factor. 
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If alteration in the cardiac output was the sole 
cause of the low supplemental pressure one would 
expect that with recovery of some degree of circu- 
latory compensation the low supplemental pressure 
observed in the acute phases would be expected to 
rise. In the cases observed this did not occur. 

It is possible that the low supplemental pressure 
observed in congestive heart failure was present 
before failure occurred and that it is a manifestation 
of reduced variability of the peripheral resistance 
rather than reduced variability of the cardiac output. 
A low supplemental pressure may indeed indicate 
an early onset of congestive heart failure, in that 
with a sustained high level of peripheral resistance 
the cardiovascular system would fail sooner than 
when, with the same level of casual blood pressure 
and a high supplemental pressure, the cardiovascular 
system was relieved, during rest, of a large part of 
the peripheral resistance. The presence of a low 
supplemental pressure in cases of essential hyper- 
tension may, therefore, be of assistance, along with 
the degree of hypertension, in assessing prognosis, 
especially as to the onset of congestive heart failure. 

The hypertension of chronic nephritis, in which 
only a small amount of variation occurs (Kylin 
1921; Ayman 1931; Gatman, Nassif Amin, and 
Smirk 1943) is, in this respect distinctly different 
from the hypertension of subjects with early stages 
of essential hypertension (Group III A) in which 
a large supplemental pressure occurs. On the 
other hand the hypertension of chronic nephritis, 
which is widely accepted as being mediated by the 
renin system, resembles that of the failed cases; of 
essential hypertension of Group III B in that a low 
supplemental pressure occurs in both. The observa- 
tion that the relief of renal congestion by an improve- 
ment in cardiovascular function does not increase 
the supplemental pressure suggests that renal 
congestion by itself is not sufficient to account for 
the similarity of the blood pressure responses of 
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chronic nephritis and of cases of failed esse 
hypertension. 


lial 


CONCLUSIONS 


The basal blood pressure of normal subjeci: is 
constant for periods of one to three weeks. 

The casual blood pressure of normal subjects is a 
variable figure. 

The casual blood pressure of subjects ith 
essential hypertension is exceedingly variable. 

The basal blood pressure of subjects with esseitial 
hypertension is much more constant than the casual 
blood pressure. A part of this variability is 
probably due to the greater difficulty in securing 
basal condition in these subjects. 

The use of an hypnotic drug (soluble pento- 
barbitone, 1-5 grains given by mouth half to one 
hour before the test) preparatory to basal blood 
pressure determination gives levels of basal blood 
pressure comparable to those obtained without 
such premedication and greatly reduces the time 
taken to obtain a basal level in nearly all cases. 

The mean supplemental pressure in a group of 
normal subjects was 18 mm. of mercury. In a 
group of hypertensive subjects the mean supple- 
mental pressure was 44 mm. of mercury. The 
difference between these figures is statistically 
significant. In a group of hypertensive subjects 
with congestive heart failure, however, the mean 
supplement pressure was 9 mm. of mercury, 
significantly lower than that of the normal subjects 
and, even more ’so, of the hypertensive subjects 
without heart failure. 


Thanks are due to Professor F. H. Smirk for his 
encouragement, advice, and criticism throughow‘ the 
preparation of this paper, and to Miss Walsh for c'ecrical 
assistance. 
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which I wish to thank the University Council. 


REFERENCES 


Addis, T. (1922). Arch. intern. Med., 29, 539. 
Alam, G. M., and Smirk, F. H. (1938). Clin. Sci., 3, 
259. 


——, —— (1943). Brit. Heart J., 5, 152. 
Ayman, D. (1931). Amer. med. Ass., 96, 2091. 
—- (1934). Arch. intern. Med., 53, 792. 


Hines, E. A. (1940). 


J. Amer. med. Ass., 115, 271. 





Gatman, M., Nassif Amin and Smirk, F. H. (!°43). 
Brit. Heart J., 5, 161. 

Kylin, E. (1921). Acta. med. Scand., 55, 368. 

Report of the Combined Committees of the Ca diac 
Society of Great Britain and Ireland anc the 
American Heart Association (1938). J. “mer. 
med. Ass., 133, 294. 

Smirk, F. H. (1945). Brit. Heart J., 6, 176. 








ith 
sential 
casual 
ity is 
curing 
peinto- 
O one 
blood 
blood 
ithout 
» time 
S 
up of 
In a 
upple- 
The 
tically 
ibjects 
mean 
rcury, 
ibjects 
ibjects 
for his 
ut the 
clerical 
‘om the 
vo for 
({ 943). 
Cardiac 
nc the 


mer. 








CARDIOVASCULAR CHANGES FOLLOWING 





ELECTRO-CONVULSIVE THERAPY 


BY 


RALPH KAUNTZE AND GERALD PARSONS-SMITH 


From St. George’s Hospital 


Received January 7, 1948 


t lectro-convulsive therapy was first used exten- 
sively in 1939, and with such success that three years 
later Kolb and Vogel (1942) in a survey of the United 
States reported its use in 42 per cent of mental 
hospitals and in the treatment of 2-3 per cent of all 
mental hospital patients; this latter group was 
comprised of the schizophrenias, the manic-depres- 
sive states, involutional melancholias, and the psycho- 
neuroses. As convulsant treatment is now of 
established value in the affective neuroses and as 
electric shock has largely superseded insulin and 
metrazol as a convulsant, it seemed pertinent to 
attempt some assessment both clinically and electro- 
cardiographically of its effect on the cardiovascular 
system. These observations consisted of a clinical 
history (which by the nature of the psychiatric 
condition was not always complete), a routine 
examination of the cardiovascular system and 
electrocardiograms (standard leads only) both 
before and after the convulsion. The second 
cardiogram was taken in the recovery phase directly 
after the clonic movements had ceased; in some 
instances there was slight delay due to uncontroll- 
able spasmodic movements. The patients in this 
series were not specially selected; a quarter were 
observed during their initial treatments. 

The convulsant apparatus used was that of Strauss 
and MacPhail (1946), which by means of a rapidly 
discharging condenser yields the higher voltages at 
the start, thereby overcoming the initial resistance, 
and as only minimal energy is then necessary to 
induce the fit, the equally rapid damping minimizes 
subsequent neuronic bombardment. The time 
factor is therefore of less importance and the dosage 
is reckoned in Joules or total energy rather than in 
in volts: this varies according to weight and general 
fragility; the usual dosage in this series was 18 Joules 
diphasic. A monophasic discharge yields a quieter 
recovery but is less certain in inducing a convulsion. 
The electrodes, soaked in 20 per cent saline, are 





applied to the temples, anterior to and a little above 
the external auditory meati. The duration of the 
shock is variable, lasting about 0-35 sec.; uncon- 
sciousness is instantaneous and is succeeded by a 
tonic phase, thence a clonic phase, which in turn is 
followed by exhaustion and relaxation or irritability, 
from which consciousness is recovered in from four 
to fifteen minutes—a consciousness clouded by dis- 
orientation and amnesia. Occasionally the shock 
may produce a “‘ stun ”’ only, the patient remaining 
conscious. Successive ‘‘ stuns ’’ may induce cardio- 
vascular collapse. The average duration of the 
tonic phase, as observed in 22 patients, was 16 
seconds, of the clonic phase 25 seconds. The 
length of the tonic period bore no relationship to 
that of the clonic. Directly after «he shock oxygen 
was administered by mask, and as the tonic phase is 
short, cyanosis was not observed. 


RESULTS 


Fifty-one patients, of whom 38 were women and 
13 men, were observed before and after 63 electro- 
convulsions. The presenting psychiatric symptom 
in 82 per cent was depression. The average findings 
in pulse rates and blood pressures are set out in 
Table I. In seven instances the pulse rate following 
the convulsion remained unchanged or was de- 
creased; in the main there was considerable increase. 

The systolic blood pressure following the con- 
vulsion was elevated in about a third, showed no 
significant change (systolic +10 mm., diastolic +5 
mm.) in a third and was actually lowered in the 
remainder. Where an increase occurred, this lay 
usually between 20 and 35 mm. and was accompanied 
in under a third, by a small fall in the diastolic read- 
ing. The maximum increase was 55 mm., from 
135/70 to 190/95 in a man, aged 27, who displayed 
marked restlessness and considerable tachycardia. 
However, restlessness with tachycardia was not in- 
variably accompanied by a rise in the blood pressure. 
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TABLE I 
PuLsE RATE AND BLOOD PRESSURE AFTER ELECTRO-CONVULSIVE THERAPY 

















Age Pulse rates after convulsion Blood pressure 
Nos ‘ Average — 
: Ex- In- Un- De- | AV. in- ov ee In- ie : 
Average crease per | | can 2 aE 
tremes | creased changed creased inate jtbtem | Alte creased change t creased 
Women | 7 
38 43-3 24-69 34 | 3 1 23 150/91 | 147/87 12 12 l 
v) 47 24-62 7 | | 17 145/90 | 135/81 1 4 4 
Men 7 
13 43-6 26-62 12 — 1 27 | 129/80 | 136/75 | 4 6 
k | 
3 46 27-62 3 _ _ 32. | 145/83 | 173/98; 2 | 1 





* = Subsequent records 


The decrease in blood pressure lay within a similar 
range: the greatest fall was from 185/100 to 120/80 
and is probably, in part, a measure of anxiety. 

Three patients with severe hypertension showed 
slight elevation of the systolic or diastolic levels or 
both. 

None of these patients had curare before the 
electroplexy and it was not possible to take the 
blood pressure during the convulsion. As the 
cardiogram was taken first, there was a slight delay 
between the end of the fit and the recording of the 
blood pressure, during which it was thought that 
the readings might have been considerably raised. 
Preliminary observations of patients who have had 
curare and pentothal show a small initial fall and 
then following the convulsion there may be no 
considerable rise in systolic pressure, or where an 
increase occurs, this may be delayed for a minute 
or two and has not been excessive (Fig. 1). With 
curare in the usual dosage, there is some movement 
of the arms in the clonic stage, which makes a blood 
pressure reading usually impossible. In one patient, 
who had five consecutive shocks in twenty minutes, 
it was possible to record the blood pressure during 
one clonic stage (Fig. 2): the systolic level was 
raised 20 mm. and remained so for 45 seconds after 
the convulsion had ceased. If sufficient curare is 
given to abolish all movement of the arms, then the 
likelihood of anoxia from paralysis of the respiratory 
muscles may make the blood pressure readings 
unreliable. 

Hypertension was the commonest abnormal find- 
ing in routine examination, being present in 1 man 
and 14 women (29 per cent); the upper limit of 
normality was arbitrarily taken as 155/95 at rest 
and on repetition. It may be suggested that these 





+ = Systolic pressure -+-10 mm., diastolic +5 mm. 


levels are too low in the circumstances, but the 
patients were rarely agitated or indeed alarmed at 
the thought of the approaching convulsion for 
which there is subsequent amnesia. Of these 15 
hypertensives, -12 were mild to moderate and 3 were 
considered severe (above 220/130); one of these 
latter had commencing right ventricular failure. 
Two patients suffered from bronchial asthma of 
moderate degree. One patient had chronic bron- 
chitis with early right-sided failure and one was a 
chronic alcoholic. In no patient was there history 
of cardiac pain on exertion or suggestive of a 
previous infarction. 
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Fic. 1.—Systolic blood pressure during two convulsions 
under pentothal 0-5 g. and curare 30 mg. in a man 
aged 45. The second record is in dotted lines. 
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2.—Blood pressure records in a girl aged 27 during 
five consecutive convulsions under pentothal 0-4 g. 
and curare 15 mg. 


Although the motor discharge varied considerably 
from patient to patient, persistently raised cervical 
venous pressure following the convulsion was not 
observed. However, Altschule, Sulzbach, and 
Tillotson (1947) have noted increased venous pres- 
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sure during the convulsion and slight elevation 
subsequently, less evident in patients given curare. 

The cardiographic changes following convulsion 
are summarized in Table II: the main features are 
increase in the height of the P wave in lead II, 
prolongation of the P-R interval, increase in the 
amplitude of the T waves in leads II and III, and 
less frequently diminution of R I and depression 
of S-T II (see Fig. 3). 

An increase in P II was present in 61 per cent of 
patients, the increment ranging from very slight up 
to 1:5 mm.; this was reflected to a lesser extent in 
lead III (31 per cent). The P-R interval was 
lengthened in 52 per cent; this was invariably 
associated with an elevation of PII, although the 
converse was not necessarily so. No gross pro- 
longation was found, the increase lying between 0-02 
and 0-06 sec. 

RI was diminished in size in 29 per cent; the 
most marked reduction was —5 mm. This diminu- 
tion was not accompanied by any constant change 
in the complex, nor was it consistently present on 
repetition of the cardiogram after subsequent 
convulsions. 

Depression of the S-T segments occurred chiefly 
in lead II, was slight in extent, and present in 29 per 
cent. Elevation of the T waves was noted in lead II 
in 55 per cent and in lead III in 41 per cent; the 


TABLE II 


ELECTROCARDIOGRAPHIC CHANGES FOLLOWING ELECTRO-CONVULSIVE THERAPY 
































Nos PI |Pil P Ill PR | RI S-TII | S-TIII| Tt TIl TIll 
ft za ~ — = ~ = a = > = | — = 
Women 
38 2 22A 10A =a t+) 3 8 6 0 4 18 4 is 2 
In subsequent 
convulsions | | 
9 | 2 3 3 O 0 5 | 4 2 1 0O a s ow 
Men | 
13 2 9 6 Pe oF S 1.4.3 4 e. 3 10 O 6 0 
In subsequent 
convulsions 
0 3 0 b g 2 0 0 0 0 Oo Mi 4 1-4 
Totals 
Percentage 
(Sl cases) | 8% | 61% | 31% | 52% 2% 14% 29%) 29% 20% 2% 10% SS% 8% 44% 4% 
After standard exercise in healthy young men 
Percentage | ; | ' 
(6 cases) | | 38%.|) 33% — 17% 67% — — — | 67% 0% 50% 0% 


0% 33% 





A = PII and PIII were decreased in one patient. 





B = S-T II was elevated in one patient. 
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Fic. 3.—(A) before, (B) directly after the convulsion showing increase in P II and P III and slight lengthening 


of the P-R interval. 


increase in height was usually greater in lead II 
varying between 0-5 and 2:5 mm. 

Among less frequent changes were increased 
prominence of SII and SIII in 5 patients, intra- 
ventricular delay in two patients unassociated with 
prolongation of the P-R interval; 12 patients showed 
premature beats, in 4 of whom they were observed 
only after the convulsion, these consisted of auri- 
cular, nodal, and ventricular premature beats. 

Where subsequent cardiograms were taken the 
pattern had reverted to the original ten minutes 
later. 


DISCUSSION 


Increased amplitude of P II and T II and slight 
downward displacement of S-T II together with 
tachycardia are all encountered in the healthy adult 
following exercise (Table II), and seem best ex- 
plained as the result of those processes entailed in 
muscular activity. As to the decrease in size of 
R I, this with a trend to right axis deviation is also 
an accompaniment of exercise in a proportion 
(Wood and Wolferth, 1931), perhaps more frequent 
in the less fit psychiatric patients. PII elevation 
presumably indicates some degree of right heart 
strain. Some further explanation is necessary for 
the slight prolongation of the P-R interval, en- 
countered in 52 per cent, as opposed to the shorten- 
ing frequently accompanying increase in the heart 
rate, as also for the occurrence of intra-ventricular 
delay. That this slowing of A-V or bundle branch 
conduction, in the presence of tachycardia, is due 
to vagal action seems most unlikely. 


(C) before, (D) directly after the convulsion showing increase in T II and T III. 


Two patients previously showing some lengthen- 
ing of the P-R interval following convulsion, were 
given atropine 1/50 of a grain before a subsequent 
fit and in both instances the P-R delay was again 
present (Fig. 4). Two further possibilities present 
themselves, firstly, that the lowered conductivity is 
caused by anoxia or secondly, is an after-effect of 
adrenaline. Anoxia produces increase in excursion 
of the P waves, the P-R interval may be lengthened. 
the S-T segment may be depressed and the T waves 
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Fic. 4.—Atropine gr. 1/50, followed 20 minutes later by 
E.C.T. (A) before, (B) directly after the convuls:on 
showing increase in P II and P III and slight pro- 
longation of the P-R interval. 
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lowered (Graybiel and White, 1946). Although the 
tonic phase of the convulsion is short and oxygen is 
administered from the beginning, and although 
cyanosis has not been remarkable, the possibility 
of 2noxia being a factor in the production of the 
lowered conductivity of the bundle cannot be ex- 
cluded. Alternatively, adrenaline in the experi- 
mental animal (cat) may produce partial heart block 
and bundle branch block after the preliminary 
acccleration; this, of course, in hyper-physiological 
concentrations. ,As electric shock produces a syn- 
chronous discharge such as never occurs naturally 
and as the passage of the current is not far removed 
fror: the prefrontal areas, it is conceivable that a very 
hig adrenaline concentration temporarily results. 
Adrenaline may also be the cause of cardiac irrit- 
ability, shown by ectopic beats, as occurred in a 
patient with a chromaffin adrenal tumour described 
by Espersen and Jorgensen (1947). Anoxia, how- 
ever. seems the more likely factor in producing the 
P-R prolongation and intraventricular delay. 

Bellet, Freed, and Dyer (1939) found noteworthy 
cardiographic changes in two-thirds of 58 insulin 
shock treatments in 40 patients, namely depression 
of S-T segments, diminution in the height of the T 
waves, prolongation of the Q-T interval and various 
arrhythmias including shifting pace-maker, sino- 
auricular block, auricular extrasystoles, and auricular 
fibrillation. The auricular fibrillation occurred in 
two patients and lasted for four and twenty-four 
hours respectively. Similar changes were observed 
by Hadorn (1937), who in addition found the P-Q 
interval lengthened in 10 per cent. 

Nyman and Silfverskidld (1943) stress the simi- 
larity of the electrocardiographic findings after 
electroplexy and those produced by the Valsalva 
experiment, with the exception of the markedly 
increased heart rate in the former. In a series of 
13 patients they found increased amplitude of P IT 
(69 per cent), diminished RI in all patients and 
increase in T II (69 per cent), with return to normal 
after a few minutes. They postulate that the in- 
crease in intrathoracic and intra-abdominal pressure 
occurring in electric convulsions produces these 
changes. 

Kolb and Vogel (1942) state that the deaths 
resulting from electroconvulsive therapy were 0-5 
per 1000 compared with 1 per 1000 for metrazol 
and 6 per 1000 with insulin. Of six fatalities 
reviewed by Napier (1944) one was ascribed to 
myocardial degeneration, which was confirmed at 
autopsy; death occurred half an hour after the 
convulsion. Ebaugh, Barnacle, and Neuberger 
(1943) describe two deaths following electric con- 
Vulsions; the first patient, aged 57 years, had anginal 
pain directly after the thirteenth treatment and died 
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an hour and a half later; the autopsy revealed 
extensive coronary atheroma and a recent throm- 
bosis. A previous electrocardiogram had been 
reported as normal. Their second patient, who 
had been treated with curare, died of respiratory 
failure. Death has also resulted from massive 
pulmonary cedema, two days after the second con- 
vulsion in a 35-year-old negro, who post-mortem 
showed meningo-vascular syphilis (Gralnick, 1945). 

There was little evidence of cardiac or circulatory 
embarrassment resulting from electroplexy, nor was 
an important arrhythmia encountered in our cases, 
the majority of which, however, had normal or near 
normal hearts. None the less, in one patient with 
chronic bronchitis and early failure, and in the three 
patients with severe hypertension nothing untoward 
occurred. The dramatic nature of the treatment 
may have over-emphasized its potential dangers; 
although it is obviously undesirable that a patient 
with a history or cardiographic evidence of coronary 
disease should be submitted to electro-convulsive 
therapy, on occasion psychiatric indications may 
outweigh this consideration. Perhaps the risk from 
electroplexy, off set by curare and the particular 
avoidance of anoxia, is not so great as at first seemed 
likely. Certainly there is less danger of arrhythmia 
than from insulin produced convulsions. In the 
presence of valvular disease the possibility of pre- 
cipitating auricular fibrillation exists but is probably 
slight. 


SUMMARY 


“*Steepwave’’ electroplexy produces moderate 
tachycardia and little sustained change in blood 
pressure. With oxygen inhalation there is no 
obvious cyanosis. The degree of increased venous 
pressure during the fit is difficult to assess, but it 
has not been persistent clinically. 

The cardiographic changes in 51 patients ob- 
served after 63 convulsions consist of elevation of 
P II and T II and slight increase in the P-R interval 
in half; R I was diminished and S-T II slightly 
lowered in less than a third; S II and S III were more 
prominent in 10 per cent; 2 patients (4 per cent) 
showed intraventricular delay; 4 patients (8 per 
cent) had heterotopic beats after the convulsion 
only. 

It is suggested that the changes in PII, TII, RI 
and S-TII are the result of ‘‘ muscular activity ”’ 
and that the delay in auriculo-ventricular and intra- 
ventricular conductivity may be the result of anoxia. 

Patients of middle age or over should have cardio- 
grams before electroplexy is undertaken. Although 
evidence of coronary disease is a strong contra- 
indication, on occasion psychiatric considerations 
may be so imperative as to override this. 
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Thrombosis and Embolism of Pulmonary Vessels with 
Special Reference to Pulmonary Vein Thrombosis. 
D. M. SPAIN and J. B. Moses. Amer. J. med. Sci., 
212, 707-712, Dec., 1946. 


The general incidence of pulmonary emboli or thrombi 
in a series of 1000 consecutive necropsies (not inclusive 
of bacterial endocarditis and traumatic cases) was 10-9%. 
The source of emboli in the lungs is approximately twice 
as frequent from the systemic veins as from thrombi 
within the heart. Pulmonary emboli in patients without 
heart disease frequently do not cause pulmonary infarcts. 
In 100 consecutive necropsied cases of myocardial 
infarction, pulmonary emboli were noted 36 times and 
systemic arterial emboli 25 times. The incidence of 
pulmonary emboli is much greater in association with 
recent myocardial infarcts than with healed infarcts. 
The pulmonary emboli very often contributed’ to the 
death of the patient. Pulmonary venous thrombi as a 
source of systemic arterial emboli occur more frequently 
than is generally recognized. Pulmonary tuberculosis 
was the disease most often associated with pulmonary 
venous thrombi. Infected emboli resulting from pul- 
monary thrombophlebitis are exceedingly rare.— 
{Authors’ summary.] 


Fluctuations of the “ A ’” Wave in a Case of the Wolff- 
Parkinson-White Syndrome. (Fluctuations de l’onde 
dans un cas d’invasion ventriculaire précose.) R. 
PANNIER. Acta cardiol., 1, 37-43, 1946. 
A case of the Wolff-Parkinson-White syndrome is des- 
cribed. An _ electrocardiogram taken between the 
attacks of paroxysmal tachycardia showed the changes 
characteristic of the syndrome—namely: (1) The 
presence of the supplementary “‘ A ”’ wave (previously 
described by Segers, Lequime, and Denolin) in the P-Q 
interval. An apparent shortening of the P-Q interval 
and broadening of the QRS complex was commonly 
produced by the merging of this supplementary wave 
with the QRS complex. (2) The S-T segment was dis- 
placed in leads I and III. These changes were subject 
to spontaneous fluctuations and could be diminished by 
deep inspiration by intravenous atropine sulphate (1 mg.), 
or by acetylcholine (20 mg.), all of which also modified 
the P wave. Intravenous quinine sulphate (50 mg.) 
abolished all the abnormal changes but did not affect the 
P wave. B. McArdle 


Cardiac Clinics. CXVII. Electrocardiograms Displaying 
Short P-R Intervals with Prolonged QRS Complexes: 
An Analysis of Sixty-five Cases. F. A. WiLLius and 
H. M. CARRYER. 
Nov. 13, 1946. 

The relatively short history of the Wolff-Parkinson-White 

syndrome is reviewed, and the theory that its mechanism 


Proc. Mayo Clin., 21, 438-444, 
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depends upon short-circuiting through accessory conduc- 
tion pathways between auricle and ventricle is favoured. 
During 1945 this electrocardiographic pattern was seen 
in 65 cases at the Mayo Clinic. There was no evidence 
of heart disease in 46 (71%). There were 8 cases in the 
third decade (20 to 29), 17 in the fourth, 22 in the fifth, 
12 in the sixth, 4 in the seventh, and 2 in the eighth. 
Paroxysmal tachycardia occurred in 57%, but 3 of 
these cases proved to have auricular flutter. The electro- 
cardiogram simulated left bundle-branch block in 26 
instances (40%), right in 4 (6%), and was dissimilar to 
either form in 35 (54%). One death occurred among 
those without heart disease, in a woman of 26 who died 
suddenly during an attack of paroxysmal tachycardia. 
No pathological or experimental evidence bearing on the 
mechanism of this syndrome is submitted; there is no 
note concerning the effects of any drug. Paul Wood 


Anastomosis of the Aorta toa Pulmonary Artery. Certain 
Types in Congenital Heart Disease. W. J. Ports, 
S. SmirH, and S. Gipson. J. Amer. med. Ass., 132, 
627-631, Nov. 16, 1946. 


Attempts have been made in several American centres 
to relieve anoxia due to pulmonary stenosis and atresia 
by effecting some form of shunt between systemic and 
pulmonary arterial systems. Direct anastomosis between 
the aorta and pulmonary artery had not previously been 
considered in man since Gross and Hufnagel (New Eng. 
J. Med., 1945, 233, 287) and Blalock and Park (Ann. Surg., 
1944, 119, 445) showed in the experimental animal that 
the clamping of the aorta long enough to perform 
anastomosis gave a quite high incidence of paralysis in 
the hind legs. Blalock and Taussig (J. Amer. med. Ass., 
1945, 128, 189) avoided aortic occlusion by performing an 
anastomosis between the subclavian or innominate artery 
and the pulmonary artery distal to its atretic segment. 
The present authors, desirous of effecting a direct anasto- 
mosis between the pulmonary artery and aorta, have 
devised a special clamp that will occlude only one-half 
of the aortic lumen and will permit aortic circulation to 
continue through approximately half of the lumen while 
the anastomosis is carried out to the lower border. 
Only the lower surface of the aortic arch is occluded by 
the clamp, and formal lateral anastomosis is performed 
between the left pulmonary artery and this isolated 
portion of aorta. The operation has been done in 3 
children, one of whom did not survive; the child died 
apparently of post-operative pulmonary congestion. 
The condition of the other two children, aged respectively 
21 months and 7 years, was substantially improved, and 
the arterial oxygen tension was elevated to a pronounced 
degree. 

[For full details of the operative procedure the original 
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article should be consulted since the structure of the 
clamp is of essential importance in the operative proce- 
dure.] Ian Aird 


An Electrocardiographic Study of Psychoneurotic Patients. 
S. S. WinTON and L. WALLACE. Psychosom. Med., 8, 
332-337, Sept.—Oct., 1946. 

The authors point out that so far ‘studies of electro- 

cardiographic abnormalities of psychoneurotic patients 

have been confined to determining whether a specific 
pattern exists in cardiac neurosis, but that comparisons 
with large groups of tracings from normal patients have 
not been made. During the war large-scale electro- 
cardiographic surveys were carried out among Service 
personnel and it was seen that similar abnormalities 
occurred in these groups. The purpose of the authors’ 
investigation of 76 patients under the age of 40 with 
no organic cardiovascular disorders was to ascertain 
whether any electrocardiographic characteristics of 
psychosis or neurosis existed. The chief complaints of 
the patients were referable to the cardiovascular system, 
and the most common were palpitation, a precordial 
sensation of constriction not necessarily related to effort, 
dizziness, vertigo, and dyspnoea with excitement or 

effort. In 4 of the 76 cases the curve was abnormal, in 2 

it was probably abnormal, and in 8 cases it was border- 

line. in the remainder the curves were normal. There 
was no combination of abnormalities that fitted into any 
distinct pattern characterizing psychoneurotics, but about 

12% presented a right heart strain pattern as suggested 

by tall P waves, right axis shift, and S-T depression in the 

limb leads. Flat or inverted T waves in leads I and II 

occurred about 15 times as frequently in this series as in a 

large group of young healthy aviators. S. Oram 


The Technique of Creation of an Artificial Ductus Arterio- 
sus in the Treatment of Pulmonic Stenosis. A. 
BLaLock. J. thorac. Surg., 16, 244-257, June, 1947. 

This is a technical account of the author’s now classical 

operation (first reported in 1945) performed at Johns 

Hopkins Hospital, Baltimore, for the relief of congenital 

pulmonary stenosis, such as occurs in “* blue babies ” 

and is characterized by the tetralogy of Fallot—pul- 
monary stenosis, an over-riding aorta, ventricular 
septal defect, and right ventricular hypertrophy. The 
patients’ ages ranged from 2 months to 26 years, but the 
optimum time for operation is between 3 and 7 years. 
The chest is opened on the side opposite to that on 
which the aorta descends (38 of 144 patients had a right- 
sided aorta, and were therefore operated upon from the 
left), so as to gain access to the innominate artery and 
its branches. The subclavian artery is then freed up to its 
first large branch, divided between clamps, and turned 


down so that its cut end can be anastomosed to the side 
of the similarly cleared pulmonary artery, which j 
temporarily clamped. This permits an extensive shu 
of inadequately oxygenated systemic blood througl: the 
pulmonary circulation, with corresponding relief of 
anoxic symptoms. 

Though the author regards the above procedure as the” 
best, frequent anomalies, both of the systemic and of the © 
pulmonary vessels, are encountered and may necessitate 
the use of the innominate or carotid artery instead of the 
subclavian, and of an end-to-end rather than end-to-side 
anastomosis. Total absence of the left pulmonary 
artery has been met, but it is emphasized that one systemic” 
trunk or another is always available. The anastomosis © 
is made with No. 00000 silk, in a single layer everting the 
intima, and interrupted in several places to avoid con 
striction of the lumen. The special clamps used for the 
temporary occlusion of the pulmonary artery are 
described. 

The mortality rate among the 144 patients discussed 
was 22%, and all the survivors were improved. Since 
this publication the author has operated on a total of 
450 children. Geoffrey Flavell 


Clinical Features of Patent Ductus Arteriosus with Special 
Reference to Cardiac Murmurs. S. A. Levine and 
A. E. GeREMIA. Amer. J med. Sci., 213, 385-394, 
April, 1947. 

The accurate diagnosis of the exact anatomical lesion in 
congenital cardiac disease has only become of practical 
importance during the last few years because of the use 
of specific surgical treatment. The authors analyse 37 
cases of patent ductus arteriosus, in which the diagnosis 
was confirmed at operation. The murmur, having both 
systolic and diastolic components, varies considerably 
in loudness from case to case. It is generally loudest 
in the second, but occasionally in the first or third left ~ 
interspace. It may be transmitted to the back of the 7 
chest. A thrill was present in over half the cases. The 
pulse pressure decreased from an average of 65 mm., 
before operation to 45 mm. after operation. There 
was no typical electrocardiographic pattern. Right axis 
deviation does not occur. Rare cases exist in which no 
murmurs, or at least no diastolic murmurs, are audible; 
a possible explanation of this is that the pressure in the 
pulmonary artery is as great as that in the aorta and 
therefore no flow takes place through the ductus. The 
persistence of a basal diastolic murmur after operation 
was found to be due either to the recanalization of the 
ductus or to bacterial endocarditis which had also 
involved the aortic valve. In puzzling or atypical cases 
cardiac catheterization is necessary to establish an 
accurate diagnosis. Geoffrey McComas 
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